
REMARKS 

Claims 19-29 are pending. 

The Examiner has stated that Applicants have failed to provide a specific reference to the 
provisional applications listed in the declaration as the first sentence of the specification 
following the title. 

Applicants have amended the specification to include the priority data for the instant 
application. Applicants have attached copies of the patent application transmittal (Exhibit A), 
the original and corrected filing receipts from the United States Patent and Trademark Office 
(Exhibits B and C) 5 and the front page of the published application (Exhibit D), all of which 
include the priority data added to the specification herein. Since the priority data was included 
on the patent application transmittal and has been recognized by the Patent Office, Applicants 
respectfully submit that a petition to accept unintentionally delayed claim for priority under 35 
U.S.C. 1 19(e), a surcharge under 37 C.F.R. 1.1 7(t) and a statement that the entire delay between 
the date the claim was due under 37 CFR 1 .78(a)(2) or (a)(5) and the date the claim was filed 
was unintentional are not required at this time. 

In view of the above, applicants submit that the effective filing date of the instant 
application is December 6, 1999. 

Rejection of Claims 19-21 under 35 U.S.C. §112, Second Paragraph 

Claims 19-21 are rejected under 35 U.S.C. §1 12, second paragraph, for allegedly being 
incomplete for omitting essential steps. 

The Examiner asserts "the omitted steps include a step where by nestin positive cells are 
identified. In the absence of this step, cells which are nestin positive cannot be selected." 

Applicants respectfully disagree. 

Applicants submit that the claimed invention relates to the discovery of the existence of 
pancreatic derived nestin positive stem cell and methods of isolating these cells. There is no 
legal requirement for including in the method of isolation of claims 19-22, a step whereby nestin- 
positive cells are identified. 

Applicants submit that the law does not require reciting non-essential steps in a claim. 
The step of identifying a nestin-positive cells is non-essential to the method of claim 19 and 
dependent claims 20 and 21, as is the step of characterizing the population of floating cells that 
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are present following the culture step as islet cells (as compared to the population of adherent 
fibroblasts and non-islet cells) (see p. 39, lines 15-17). To perform either of identification of a 
nestin positive cell or identification or characterization of an islet cell, an aliquot of the cells 
being subjected to the isolation protocol can be assayed, as described in the specification, 
independently of the isolation method, to confirm that a) the cells isolated by the method of 
claim 19 are nestin-positive; or b) the non-adherent cells that are separated from the adherent 
cells during the step of culturing cells from the pancreatic islet are islet cells. However, these 
assay steps are not essential to the operativity of the method of claim 19. In fact, if the entire 
population of cells were subjected to these steps during the isolation process, the resulting 
isolated stem cells would not be viable. 

Applicants submit that the specification clearly teaches a variety of methods (FACS, 
immunocytochemical staining, RT-PCR, Southern Northern and Western blot analysis) for 
identifying a nestin positive clone (see page 19, line 15- page 23, line 8;, Example 1 ; Example 5; 
Example 6; Example 7; Example 13). As described in Examples 10, 11, and 12, nestin-positive 
islet progenitor cells are isolated and then transplanted into a donor. One of skill in the art would 
appreciate that if the isolation step involved subjecting the entire population of isolated nestin- 
positive cells to one of the methods of identifying a nestin-positive clone, disclosed in the 
specification and recited above, the resulting isolated cells would not be viable for 
transplantation (as described in Examples 10-12) or for further proliferation, as described in 
Example 7, page 48, line 27-page 49, line 1 1. 

Novelty of claims 19-21 

U.S. 5,834,308 (Exhibit E) and U.S. 6,001,647 (Exhibit F) disclose a method of growing 
islet derived stem cells that differ from applicants claimed method in that they require a step 
wherein the stem cells are grown for at least three weeks, preferably in a high amino acid 
medium. U.S. 6,001,647 discloses performing this initial culture step in the presence of normal 
serum at below about 5%. Neither of U.S. 5,834,308 and U.S. 6,001,647 teach a method of 
isolating a stem cell from a pancreatic islet of Langerhans comprising the steps of: (a) removing 
a pancreatic islet from a donor; (b) culturing cells from the pancreatic islet; and (c) selecting a 
nestin-positive clone from the culture as claimed in claims 19-21 of the instant application. In 
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view of the above, Applicant submits that claims 19-21 are novel over U.S. Patents 5,834,308 
and U.S. 6,001,647 

In view of the above, Applicants respectfully request withdrawal of the 35 U.S.C. § 1 12, 
second paragraph rejection of claims 19-21. 

Rejection of Claims 22-23 Under 35 U.S.C. 5102(a) 

Claims 22-23 are rejected under 35 U.S.C. 102(a) as allegedly being anticipated by 
Stoffers et al. (2000), Diabetes, Vol. 49, 741-748. 

Applicants respectfully disagree. 

Applicants submit that the effective filing date of the instant application is December 6, 
1999 (see discussion in Remarks session). In view of the above, the publication date of Stoffers 
et al. is not before the invention by the applicant for a patent. 

In view of the above, Applicants respectfully request withdrawal of the 35 U.S.C. 
§ 102(a) rejection of claims 22-23 in view of Stoffers. 

Rejection of Claims 22-23 Under 35 U.S.C. $ 102(b) 

Claims 22-23 are rejected under 35 U.S.C. 102(b) as allegedly being anticipated by Xu et 
al. (1999) Diabetes, Vol. 48, 2270-2276. 

The Examiner asserts that "the applicant claims a method of inducing the differentiation 
of a nestin-positive pancreatic stem cell into a pancreatic progenitor cell by treating a nestin- 
positive pancreatic stem cell with an agent selected from a group which includes IDX-1." The 
Examiner states that "the applicant's claims as written read on the treatment of nestin-positive 
pancreatic stem cells both in vivo and in vitro'' 

The Examiner describes Xu et al. as teaching "the administration of exendin-4 in vivo in 
rats resulting in the differentiation of new 0-cells from pancreatic progenitor cells present in 
pancreatic ductal tissue (Xu et al., pages 2270 and 2275)." The Examiner states that "[w]hile Xu 
et al. does not specifically teach that nestin-positive cells in the pancreas are contacted with 
exendin-4, pancreatic ductal tissue inherently includes nestin-positive cells. The fact that Xu 
teaches that ductal epithelia in the pancreas are affected by the administered exendin-4 indicates 
that nestin-positive cells inherently present in the pancreatic ductal tissue are contacted by the 
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administered exendin-4. Thus, the process of inducing the differentiation of pancreatic ductal 
tissue by treatment with exendin-4 as taught by Xu et al. anticipates the instant invention as 
claimed." 

Applicants respectfully disagree. 

Applicants submit that for a determination of anticipation to be proper, the prior art 
reference must disclose each and every limitation of the claim. Atlas Powder Company et al v. 
IRECO, Incorporated etal, 190 F.3d 1342, 1347 (Fed. Cir. 1999). 

Applicants submit further that the Examiner must provide rationale or evidence tending 
to show inherency to properly make a rejection under 35 U.S.C. 102 when the prior art is silent 
as to an inherent characteristic (MPEP §21 12). 

The fact that a certain result or characteristic may occur or be present in the prior art is 
not sufficient to establish the inherency of that result or characteristic. In re Rijckaert, 9 F.3d 
1531, 1534, 28 USPQ2d 1955, 1957 (Fed. Cir. 1993) //i re Oelrich, 666 F.2d 578, 581-82, 
212 USPQ 323, 326 (CCPA 1981). "To establish inherency, the extrinsic evidence 'must make 
clear that the missing descriptive matter is necessarily present in the thing described in the 
reference, and that it would be so recognized by persons of ordinary skill. Inherency, however, 
may not be established by probabilities or possibilities. The mere fact that a certain thing 
may result from a given set of circumstances is not sufficient.' " In re Robertson, 169 F.3d 
743, 745, 49 USPQ2d 1949, 1950-51 (Fed. Cir. 1999) (Emphasis) (MPEP §2112, citations 
omitted) 

Claim 22 of the instant application claims "a method of inducing the differentiation of a 
nestin-positive pancreatic stem cell into a pancreatic progenitor cell, comprising the step of: 
treating a nestin-positive pancreatic stem cell with an agent selected from the group consisting of 
EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-1, 
GLP-1, exendin-4, betacellulin, activin A, TGF-(3, and combinations thereof, whereby the stem 
cell subsequently differentiates into a pancreatic progenitor cell." 

As stated in the instant specification at p. 10, lines 9-12, a "pancreatic" stem cell means "a 
stem cell that has been isolated from pancreatic tissue and/or a cell that has all of the 
characteristics of: nestin -positive staining, nestin gene expression, cytokeratin-19 negative 
staining, long-term proliferation in culture, and the ability to differentiate into pseudo-islets in 
culture." 



8 




A "progenitor cell" is defined in the instant application at p. 10, lines 16-17 as, "a cell that 
is derived from a stem cell by differentiation and is capable of further differentiation to more 
mature cell types". 

Applicants submit that the specification teaches differentiation of nestin positive stem 
cells by treatment with a variety of agents (see Examples 2 and 3). The specification states at p. 
25, lines 16-23, "[t]he invention also provides for methods of performing isogeneic, allogeneic or 
xenogeneic transplants of stem cells wherein the nestin-positive stem cells are induced to 
differentiate into a progenitor cell by treatment with an agent selected from the group consisting 
of EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, a nucleic acid molecule encoding IDX-1, 
GLP-1, exendin-4, betacellulin, activin A, TGF-p, and combinations thereof for a period of time, 
for example, 2-4 hours, 4-5 hours, 5-10 hours or 1-3 days prior to transplantation. In the case of 
a pancreatic stem cell, the stem cell subsequently differentiates into a pancreatic progenitor cell." 

The specification also defines "differentiation" as "the process by which a cell undergoes a 
change to a particular cell type, e.g. to a specialized cell type. The stem cell is treated with an 
agent selected from the group consisting of EGF, bFGF-2, high glucose, KGF, HGF/SF, IDX-1, 
a nucleic acid molecule encoding IDX-1, GLP-1, exendin-4, betacellulin, activin A, TGF-P, and 
combinations thereof. The stem cell subsequently differentiates into a pancreatic progenitor 
cell." (p. 5, line 26- p. 6, line 3). 

Example 7 describes assays for detecting markers of differentiation of nestin-positive 
islet progenitor cells, including RT-PCR and Southern blot for detection of the endocrine marker 
NCAM (neural cell adhesion molecule) and the ductal cell marker CK19 (cytokeratin 19), 
immunocytochemical and western immunoblot detection of the pancreas-specific homeodomain 
protein IDX-1, RT-PCR detection of the mRNA encoding proglucagon, and radioimmunoassay 
to detect production of immunoreactive glucagon, glucagon-like peptide- 1, and insulin 
determined by radioimmunoassay. Several additional pancreatic markers are also shown to be 
expressed in differentiated NIPs such as glucose transporter-2, synaptophysin, and HGF. To 
determine whether the differentiating NIPs have properties of pancreatic exocrine tissue, RT- 
PCR is used to detect the expression of amylase and procarboxypeptidase. 

It is stated at p. 51, lines 6-9, "[t]he expression of IDX-1 is of particular importance 
because it is recognized to be a master regulator of pancreas development, and particularly to be 
required for the maturation and functions of the pancreatic islet p-cells that produce insulin". 
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Xu et al. teach administration of exendin-4 to rats for 10 days, wherein administration is 
via a daily intraperitoneal injection of lnmol/kg and wherein the rats have undergone either a 
sham surgical procedure or a 90-95% pancreatectomy. It is stated at p. 2275 column 1 of Xu et 
al., "[t]he increase in B-cell mass after exendin-4 treatment resulted from enhancement of both 
differentiation and proliferation of endocrine cells rather than hypertrophy in both Px- and sham- 
treated groups." Differentiation is detected in Xu et al. by assaying for glucagon, insulin or 
BrdU positive cells by immunostaining (Figure 3). 

Applicants submit that one of skill in the art would not be able to demonstrate, without 
additional experimentation, that in vivo administration of exendin-4 to a rat that has been 
subjected to a surgical procedure, as in Xu et al., would be equivalent to "treating a nestin- 
positive pancreatic stem cell" with exendin-4, as claimed in claims 22 and 23 of the instant 
application. That is, the observation of Xu et al. that ductal epithelia in the pancreas are affected 
by the administered exendin-4 is not a demonstration that nestin-positive cells inherently present 
in the pancreatic ductal tissue are contacted by the administration of exendin-4. In fact, without 
additional experimentation, one of skill in the art would not be able to predict that the population 
of nestin-positive cells is identical in an untreated rat, as compared to a rat that has undergone a 
surgical procedure, and in particular, a partial pancreatectomy. 

Applicants also submit that one of skill in the art would not be able to predict with 
reasonably certainty or demonstrate without additional experimentation, that the in vivo 
treatment of Xu et al. is equivalent to treating a "nestin-positive pancreatic stem cell", as claimed 
in the instant application, and according to the definition of "pancreatic stem cell" presented in 
the instant application (recited above). One of skill in the art would also not be able to predict 
with reasonably certainty, or demonstrate without additional experimentation that the 
differentiated cells of Xu et al. are equivalent to a "pancreatic progenitor cells" as described in 
the instant specification, and as characterized in Example 7. 

Applicants submit that the court has established that inherency may not be established by 
probabilities or possibilities. Xu et al. does not teach "A method of inducing the differentiation 
of a nestin-positive pancreatic stem cell into a pancreatic progenitor cell, comprising the step of 
treating a nestin-positive pancreatic stem cell with an agent selected from the group consisting of 
...exendin-4,... whereby the stem cell subsequently differentiates into a pancreatic progenitor 
cell, as claimed in claim 22 of the instant specification. The mere fact that Xu et al. may be 
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treating a nestin-positive pancreatic stem cell with exendin-4, that is, that it is possible for Xu et 
al., to be treating a nestin-positive pancreatic stem cell with exendin-4, is not sufficient to meet 
the legal requirements for establishing inherency. 

In view of the priority data for the instant application (see above), Xu et al. is not a 
printed publication more than one year prior to the date of application for patent of the instant 
application. 

In view of all of the above, Applicants respectfully request withdrawal of the 35 U.S.C. 
102(b) rejection of claims 22 and 23 in view of Xu et al. 

Rejection off Claims 24-29 Under 25 U.S.C. §102(e) 

Claims 24-29 are rejected under 35 U.S.C. 102(e) as allegedly being anticipated by U.S. 
patent No. 6,436,704 (8/20/02). 

Applicants respectfully disagree. 

Applicants submit that the effective filing date of the instant application is December 6, 
1999 (see discussion in Remarks session). In view of the above, the filing date of U.S. 6,436,704 
(8/20/02) is not before the invention by the applicant for a patent. 

In view of the above, Applicants respectfully request withdrawal of the 35 U.S.C. 
§102(e) rejection of claims 24-29 in view of U.S. 6,436,704. 

CONCLUSION 

Applicant submits that all claims are allowable as written and respectfully request early 
favorable action by the Examiner. If the Examiner believes that a telephone conversation with 
Applicants' attorney would expedite prosecution of this application, the Examiner is cordially 
invited to call the undersigned attorney of record. 
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Respectfully submitted, 

Name: Kathleen M. Williams 
Registration No.: 34,380 
Customer No.: 29933 
Palmer & Dodge LLP 
1 1 1 Huntington Avenue 
Boston, MA 02199-7613 
Tel: 617-239-0100 
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ABSTRACT 



Methods and compositions are described for the treatment of 
type I insulin-dependent diabetes mellitus and other condi- 
tions using newly identified stem cells that are capable of 
differentiation into a variety of pancreatic islet cells, includ- 
ing insulin-producing beta cells, as well as hepatocytes. 
Nestin has been identified as a molecular marker for pan- 
creatic stem cells, while cylokeratin-19 serves as a marker 
for a distinct class of islet ductal cells. Methods are 
described whereby nestin-positive stem cells can be isolated 
from pancreatic islets and cultured to obtain further stem 
cells or pseudo-islet like structures. Methods for ex vivo 
differentiation of the pancreatic stem cells are disclosed. 
Methods are described whereby pancreatic stem cells can be 
isolated, expanded, and transplanted into a patient in need 
thereof, either allogeneically, isogeneically or xenogeni- 
cally, to provide replacement for lost or damaged insulin - 
secreting cells or other cells. 
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ABSTRACT 



The subject invention concerns new methods which make it 
possible, for the first time, to grow functional islet cells in in 
vitro cultures. The ability to grow these cells opens up 
important new avenues for research and therapy relating to 
diabetes. 
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IN VITRO GROWTH OF FUNCTIONAL bodies to p cell membranes (anti-69 kD and islet-cell surface 

ISLETS OF LANGERHANS autoantibodies), P cell contents (anti-carboxypeptidase A a , 

anti-64 kD and/or anti-GAD autoantibody), and/or p cell 

BACKGROUND OF THE INVENTION secretory products (anti-insulin). While serum does not 

Diabetes is a major public health problem. As presented 5 transfer IDD, anti-0 cell autoantibody occurs at a very early 
in the 1987 Report of The National Long-Range Plan to a S c » rai sing the question of an environmental trigger, pos- 
Combat Diabetes commissioned by the National Diabetes sibl y involving antigenic mimicry. The presence of cell- 
Advisory Board, six million persons in the United States are mediated immunological reactivity in the natural course of 
known to have diabetes, and an additional 5 million have the 100 is evidenced by an inflammatory lesion within the 
disease which has not yet been diagnosed. Each year, more 10 pancreatic islets, termed insulitis. Insulitis, in which 
than 500,000 new cases of diabetes are identified. In 1984, inflammatory/immune cell infiltrates are clearly visible by 
diabetes was directly causal in 35,000 American deaths and histology, has been shown to be comprised of numerous cell 
was a contributing factor in another 95,000. types, including T and B lymphocytes, monocytes and 

Ocular complications of diabetes are the leading cause of na j ura ! ^ <* 1Is vSfenpie el al., 1989; Jarpe et al. 1991). 

new cases of legal blindness in people ages 20 to 74 in the 15 Adoptive transfer experiments using the NOD (non-obese 

United States. The risk for lower extremity amputation is 15 tabetic) mouse as a model of human IDD have firmly 

times greater in individuals with diabetes than in individuals <*tabkshed a primary role for auto-aggressive T lympho- 

without it. Kidney disease is a frequent and serious compli- ^ in the Pathogenesis of IDD (Bendelac, et al, 1987; 

cation of diabetes. Approximately 30 percent of all new MlUe , r et 1988 i Hanafiisa et al., 1988; Bendelac et al., 

patients in the United States being treated for end-stage renal 20 1988 )' Unfortunately, the mechanisms underlying destruc- 

disease have diabetes. Individuals with diabetes are also at Uon of the P aDCreatlc P cells remain unknown, 

increased risk for periodontal disease. Periodontal infections Numerous strategies (e.g., bone marrow replacement, 

advance rapidly and lead not only to loss of teeth but also to immunosuppressive drugs and autoantigen immunizations) 

compromised metabolic function. Women with diabetes risk have been investigated as possible means to arrest the 

serious complications of pregnancy. Current statistics sug- 25 immunological attack against the pancreatic p cells, 

gest that the mortality rates of infants of mothers with However, for these approaches to be effective, individuals 

diabetes is approximately 7 percent. who will eventually develop clinical disease must be iden- 

dearly, the economic burden of diabetes is enormous. tified - Most often > P atients identified too late for effective 

Each year, patients with diabetes or its complications spend „ intervention therapy since the immunological attack has 

24 million patient-days in hospitals. A conservative estimate progressed to a point where a large percentage of the P cells 

of total annual costs attributable to diabetes is at least $24 have dread y been dest royed. Because the p cell is thought 

billion (American Diabetes Association est., 1988); to be an end " sta g e differentiated cell, it is believed that the 

however, the full economic impact of this disease is even bodv has mic ca P acit y t0 regenerate new p cells, thus 

greater because additional medical expenses often are attrib- necessitating regular life-long insulin therapy. Recently, one 

uted to the specific complications of diabetes rather than to 35 a PP ro ach to overcome this problem has been islet cell 

diabetes itself. transplantation. Islet cell transplantation has the disadvan- 

Diabetes is a chronic, complex metabolic disease that ! hat . the ^ els m «*«*. * ^ can invoke 

results in the inability of the body to properly maintain and a ° d*™™" "P™"- TJ™» would be major 

use carbohydrates, fats, and proteins, ifresults from the «, fn^^f^^^^^cm^mwgf^ 

interaction of various hereditary and environmental factors Uoa * 1 P from 1130 P atlents - 

and is characterized by high blood glucose levels caused by BRIEF SUMMARY OF THE INVENTION 
a deficiency m insulin production or an impairment of its 

utilization. Most cases of diabetes fall into two clinical The subject invention concerns the discovery that func- 

types: Type I, or juvenile-onset, and Type II, or adult-onset. 45 tional islets containing insulin-producing p cells can be 

Type I diabetes is often referred to as Insulin Dependent grown in long-term cultures from single pluripotent stem 

Diabetes, or IDD. Each type has a different prognosis, cells. 

treatment, and cause. The unique procedure of the subject invention takes 

Approximately 5 to 10 percent of diabetes patients have advantage of the discovery that pluripotent stem cells exist 

IDD. IDD is characterized by a partial or complete inability 50 in the pancreas of even adult individuals. The cells can be 

to produce insulin usually due to destruction of the insulin- cultured in a high amino acid medium supplemented with 

producing p cells of the pancreatic islets of Langerhans. normal serum which is derived from the same mammalian 

Patients with IDD would die without daily insulin injections species which serves as the origin of the islet cells 

to control their disease. (homologous serum). This culture is then left undisturbed 

Few advancements in resolving the pathogenesis of dia- 55 for several weeks to permit establishment of stromal cells, 

betes were made until the mid-1970s when evidence began Once this layer is mature, cell differentiation can be initiated 

to accumulate to suggest that IDD had an autoimmune by adding normal serum. After an additional period of 

etiopathogenesis. It is now generally accepted that IDD growth, functional islets containing cells which produce 

results from a progressive autoimmune response which insulin can then be recovered using standard techniques, 

selectively destroys the insulin-producing p cells of the 60 It was not previously known or suspected that pancreatic 

pancreatic islets of Langerhans in individuals who are cells could be used to grow new p cells in culture. The 

genetically predisposed. Autoimmunity to the p cell in IDD fortuitous discovery of culture techniques for growing islets 

involves both humoral (Baekkeskov et al., 1982; eliminates what had previously been a substantial and long 

Baekkeskov et al., 1990; Reddy et al. 1988; Pontesilli et al., standing barrier to research which will enable a better 

1987) and cell-mediated (Reddy et al. 1988; Pontesilli et al., 65 understanding of the mechanisms of diabetes. Furthermore, 

1987; Wang et al., 1987) immune mechanisms. Humoral the ability to grow islet cells in culture will now make 

immunity is characterized by the appearance of autoanti- certain therapies for diabetes possible for the first time. For 
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example, in accordance with the subject invention new stromal cells to new culture flasks. This facilitates generat- 

autologous islets from diabetic individuals can be given to a ing sufficient numbers of islets to reverse the metabolic 

patient as a way to eliminate the need for insulin therapy problems of IDD. It is also now possible to test the capacity 

because the cultured islet cells are able to produce insulin. of culture-grown islets to reverse hyperglycemia in vivo and 

The subject invention also greatly facilitates genetic engi- 5 to examine and study the immunological response against 

neering of P cells to resist subsequent immunological these newly implanted islets. 

destruction. For example, the cultured islet cells can be In a preferred embodiment of the subject invention the 

transformed to express a protein or peptide which will progression of diabetes can be slowed or halted by reim- 

inhibit or prevent the destructive immune process. plantation of autologous islets engineered to be resistant to 

Thus, the ability to grow functioning islets from predia- 10 specific factors involved in the immunological attack. For 
betic adults represents a major technical breakthrough and example, the islets can be engineered so that they are 
facilitates the use of new strategies for treating IDD. The resistant to cytotoxic T cell-derived interferon-y. The avail- 
discovery that pluripotent stem cells exist in adult pancreas ability of long-term cultures of whole islets can also be used 
circumvents the need to use fetal tissue. i° investigations into the pathogenesis of IDD, including the 

15 cellular recognition of p cells, the mode of islet infiltration, 

BRIEF SUMMARY OF THE FIGURES and the immune mechanisms of P cell destruction. 

14L L1l s t „ , Furthermore, this technology will facilitate islet 

FIGS. lA through ID show cells grown according to the t ranspl antation, autologous islet replacement, and even 

procedures of the subject invention. development of artificial islets. 

FIG. 2 shows an islet grown according to the subject 20 Xhe following examples illustrate procedures, including 

invention. ^ e mo( j ej f or p rac ticing the invention. These examples 

DETAILED DESCRIPTION OF THE ShoU ! d f D °' be ]l COn f 35 J™*"* ^ V*™*** *f b y 

ixnmxrrr^vT weight and all solvent mixture proportions are by volume 

INVENTION i 4i_ • . j J 

unless otherwise noted. 

25 

According to the subject invention, functional islets of 

Langerhans can for the first time be grown in in vitro EXAMPLE 1 

cultures, The techniques of the subject invention result in ^ i* • r^.-ti r T « 

cell cultures which produce insulin. The ability to grow Cultunng of Fuction Islets of Ixngerhan 

these functional cell cultures enables those skilled in the art 30 Single cell suspensions of islet cells were prepared from 

to carry out procedures which were not previously possible. whole islets isolated from 19-20 week old prediabetic male 

Hie method of the subject invention involves making NOD/UF mice, as detailed elsewhere (Shieh et al., 1993). In 
suspensions of islet cells from the pancreas of a mammal. our NOD colony, approximately 25% of the male mice will 
Preferably, the islet cells would be from the pancreas of a have overt IDD at this age and all will have severe insulitis. 
prediabetic mammal. The suspensions are made using stan- 35 The islet cells were resuspended in Click's EHAA medium 
dard techniques preferably in a nutrient medium which is supplemented with normal mouse serum (NMS) to 1% 
high in amino acids. One such medium is known as Click's (Peck et al., 1973), plated in a 25 cm 2 tissue culture flask, 
EHAA medium and is well known and readily available to and incubated at 37° C. in a 5% C0 2 atmosphere. At this 
those skilled in the art. Other equivalent nutrient mediums stage, two outcomes are possible: first, the islet-infiltrating 
could be prepared and utilized by those skilled in the art. The 40 cells may dominate, thus permitting the establishment of 
medium used to suspend the islet cells is advantageously immune cell lines, or second, stromal-like cells may 
supplemented by normal serum from the same species of dominate, thus allowing the growth of a "nurse cell" mono- 
mammal from which the islet cells originate. Thus, in the layer. Growth of stromal-like cell monolayers appeared to 
case of mouse islets the medium is supplemented with result when islet-infiltrating cells were plated simulta- 
normal mouse serum and in the case of human islet cells the 45 neously but in limited numbers. Enrichment of the islet cells 
medium is supplemented with normal human serum. The with decreased numbers of infiltrating cells can be achieved 
preparation of normal serum is well known to those skilled by gradient separation (Jarpe et al., 1991). Stromal cell 
in the art. The concentration of normal serum can range from cultures, when left undisturbed for 4-5 weeks (i.e., no 
about 0.5% to about 10% and, for mice is preferably about refeeding) proliferated to cover the entire bottom surface of 
1%. For human serum a higher concentration is preferred. 50 the culture vessel. From this monolayer of cells, small 
This higher concentration may be, for example, about 5%. rounded cells appeared almost as if budding from the 
The cells are then incubated, preferably at about 35°-40° C. stromal cell layer. 

and, preferably, in about 5% CO ? atmosphere. This incuba- Differentiation of the cultures was initiated by refeeding 

tion period is, thus, carried out utilizing standard procedures the cultures with Click's EHAA medium supplemented with 

well known to those skilled in the art. The cell culture is then 55 NMS. Rapid refeeding induced increasing numbers of foci 

left undisturbed without feeding for several weeks. of differentiation. At peak production, as many as 150-200 

Preferably, the cultures are not disturbed for at least about 3 centers of islet growth occurred simultaneously in a single 

weeks. During this time stromal cells proliferate and estab- 25 cm 2 T flask. As the cell proliferation and differentiation 

lish a monolayer which will ultimately give rise to islet cells. proceeded, the organization of the islet took place and even 

The initiation of cellular differentiation can be brought about 60 appeared to surround itself in a capsular material. The islets 

by refeeding the cultures with Click's EHAA medium generally grew to a constant size (although several grew to 

supplemented with normal serum as discussed above. Rapid about twice the general size), then split off the stromal layers 

refeeding was found to induce extensive foci of differentia- to float in the medium. These free-floating islets tended to 

tion. The rate of refeeding can be, for example, at one week break down within 48-72 hours, similar to isolated pancre- 

uitervals. 65 atic islets cultured under similar conditions. 

We have been able to propagate and expand islet- The islet-like structures, collected after natural detach- 

producing cultures through serial transfer of islet-derived ment or removal from the stromal layers using a Pasteur 
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pipette, were gently washed in medium, then broken into 
single cell suspensions by reflux pipetting. Single cell sus- 
pensions were prepared by cytocentrifugation, then stained 
for general morphology and insulin production. At least 
three distinct cell types are identifiable and appear similar to 
islet cells prepared from islets of control mice. Furthermore, 
the major population of cells stained positive with anti- 
insulin antibody, indicating the major cell type contained in 
the cultured islet is an insulin-producing |3 cell. FIGS. 1A 
through ID show the various cell types which develop 
during the culture process. FIG. 2 shows a well-developed 
islet. 

EXAMPLE 2 

Culturing of Human Islets cells 

For culturing human islet cells a procedure similar to that 
described in Example 1 can be utilized. The procedure of the 
subject invention is particularly advantageous because it is 
not necessary to utilize fetal cells to initiate the cell culture. 
In a preferred embodiment, the human cells can be sus- 
pended in Click's EHAA medium (or equivalent thereof) 
and supplemented with normal human serum. The cultures 
should be left undisturbed with no refeeding, preferably for 
several weeks. After about 4-5 weeks, differentiation can be 
initiated by refeeding the cultures with Click's EHAA 
medium supplemented with normal human serum. Islet cells 
can subsequently be collected as described in Example 1. 

It should be understood that the examples and embodi- 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and purview of this application and the 
scope of the appended claims. 
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We claim: 

1. A method for the production of islet cells comprising 
culturing mammalian pancreatic stem cells in a nutrient 
medium supplemented with serum from the same mamma- 
lian species, growing the stem cells for at least three weeks 
allowing for the establishment of mature stromal cells and 
initiating the differentiation of said stromal cells into islet 
cells by adding serum from the same mammalian species. 

2. The method according to claim 1, wherein the islet cells 
are human islet cells and the serum is human serum. 

3. The method according to claim 1, wherein the islet cells 
are mouse islet cells and the serum is mouse serum. 

4. The method according to claim 1, wherein differentia- 
tion of cultured stem cells is initiated at about 4 to 5 weeks 
of culture growth by addition of serum. 

5. The method according to claim 1 wherein said nutrient 
medium comprises a high amino acid nutrient medium. 

6. The method according to claim 1 further comprising, 
after the step of initiating differentiation by added serum, 
refeeding with said serum at about one-week intervals. 

7. A method for producing insulin comprising culturing 
mammalian pancreatic stem cells in a nutrient medium 
supplemented with serum from the same mammalian 
species, growing the stem cells for at least three weeks 
allowing for the establishment of mature stromal cells, 
initiating the differentiation of said stromal cells into islet 
cells by adding serum from the same mammalian species 
and recovering the insulin. 

8. The method according to claim 7, wherein said insulin 
is human insulin. 

9. The method according to claim 7, wherein said insulin 
is mouse insulin. 

10. The method according to claim 7, wherein differen- 
tiation is initiated at about 4 to 5 weeks of culture growth by 
refeeding with medium comprising normal serum. 
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[57] ABSTRACT 

The subject invention concerns new methods which make it 
possible, for the first time, to grow functional islets in in 
vitro cultures. The subject invention also concerns the use of 
the in vitro grown islet-like structures for implantation into 
a mammal for in vivo therapy of diabetes. The subject 
invention further concerns a process using the in vitro grown 
islet implants for growing an organ in vivo that has the same 
functional, morphological and histological characteristics as 
those observed in normal pancreatic tissue. The ability to 
grow these cells in vitro and organs in vivo opens up 
important new avenues for research and therapy relating to 
diabetes. 

19 Claims, 11 Drawing Sheets 
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IN VITRO GROWTH OF FUNCTIONAL 
ISLETS OF LANGERHANS AND IN VIVO 
USES THEREOF 

This application is a continuation-in-part of copending 
U.S. application Ser. No. 08/432,434, filed Apr. 28, 1995, 
now abandoned, which is a continuation-in-part of copend- 
ing U.S. application Ser. No. 08/234,071, filed Apr. 28, 
1994, now U.S. Pat. No. 5,834,308. 

BACKGROUND OF THE INVENTION 

Diabetes is a major public health problem. As presented 
in the 1987 Report of The National Long-Range Plan to 
Combat Diabetes commissioned by the National Diabetes 
Advisory Board, six million persons in the United States are 
know to have diabetes, and an additional 5 million have the 
disease which has not yet been diagnosed. Each year, more 
than 500,000 new cases of diabetes are identified. In 1984, 
diabetes was directly causal in 35,000 American deaths and 
was a contributing factor in another 95,000. 

Ocular complications of diabetes are the leading cause of 
new cases of legal blindness in people ages 20 to 74 in the 
United States. The risk for lower extremity amputation is 15 
times greater in individuals with diabetes than in individuals 
without it. Kidney disease is a frequent and serious compli- 
cation of diabetes. Approximately 30 percent of all new 
patients in the United States being treated for end-stage renal 
disease have diabetes. Individuals with diabetes are also at 
increased risk for periodontal disease. Periodontal infections 
advance rapidly and lead not only to loss of teeth but also to 
compromised metabolic function. Women with diabetes risk 
serious complications of pregnancy. Current statistics sug- 
gest that the mortality rates for infants of mothers with 
diabetes is approximately 7 percent. 

Clearly, the economic burden of diabetes is enormous. 
Each year, patients with diabetes or its complications spend 
24 million patient-days in hospitals. A conservative estimate 
of total annual costs attributable to diabetes is at least $24 
billion (American Diabetes Association est., 1988); 
however, the full economic impact of this disease is even 
greater because additional medical expenses often are attrib- 
uted to the specific complications of diabetes rather than to 
diabetes itself. 

Diabetes is a chronic, complex metabolic disease that 
results in the inability of the body to properly maintain and 
use carbohydrates, fats, and proteins. It results from the 
interaction of various hereditary and environmental factors 
and is characterized by high blood glucose levels caused by 
a deficiency in insulin production or an impairment of its 
utilization. Most cases of diabetes fill into two clinical types: 
Type I, or juvenile-onset, and Type II, or adult-onset. Type 
I diabetes is often referred to as Insulin Dependent Diabetes, 
or IDD. Each type has a different prognosis, treatment, and 
cause. 

Approximately 5 to 10 percent of diabetes patients have 
IDD. IDD is characterized by a partial or complete inability 
to produce insulin usually due to destruction of the insulin- 
producing p cells of the pancreatic islets of Langerhans. 
Patients with IDD would die without daily insulin injections 
to control their disease. 

Few advancements in resolving the pathogenesis of dia- 
betes were made until the mid-1970s when evidence began 
to accumulate to suggest that type I IDD had an autoim- 
mune etiopathogenesis. It is now generally accepted that 
IDD results from a progressive autoimmune response which 
selectively destroys the insulin-producing P cells of the 
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pancreatic Islets of Langerhans in individuals who are 
genetically predisposed. Autoimmunity to the p cell in IDD 
involves both humoral (Baekkeskov et al., 1982; 
Baekkeskov et al., 1990; Reddy et al. 1988; Pontesilli et al., 

5 1987) and cell-mediated (Reddy et al. 1988, supra; Pontesilli 
et al., 1987, supra; Wang et al., 1987) immune mechanisms. 
Humoral immunity is characterized by the appearance of 
autoantibodies to P cell membranes (anti-69 kD and islet- 
cell surface autoantibodies), p cell contents (anti- 

10 carboxypeptidase A 3 , anti-64 kD and/or anti-GAD 
autoantibody), and/or P cell secretory products (anti- 
insulin). While serum does not transfer IDD, anti-P cell 
autoantibody occurs at a very early age, raising the question 
of an environmental trigger, possibly involving antigenic 

15 mimicry. The presence of cell-mediated immunological 
reactivity in the natural course of IDD is evidenced by an 
inflammatory lesion within the pancreatic islets, termed 
insulitis, Insulitis, in which inflammatory/immune cell infil- 
trates are clearly visible by histology, has been shown to be 

20 comprised of numerous cell types, including T and B 
lymphocytes, monocytes and natural killer cells (Signore et 
al, 1989; Jarpe et al. 1991). Adoptive transfer experiments 
using the NOD (non-obese diabetic) mouse as a model of 
human IDD have firmly established a primary role for 

25 auto-aggressive T lymphocytes in the pathogenesis of IDD 
(Bendelac, et al., 1987; Miller et al., 1988; Hanafusa et al, 
1988; Bendelac et al., 1988). Unfortunately, the mechanisms 
underlying destruction of the pancreatic p cells remain 
unknown. 

30 Recent efforts to culture pancreatic cells, including efforts 
reported in the following publications, have focused on 
cultures of differentiated or partially differentiated cells 
which in culture have grown in monolayers or as aggregates. 
By contrast to these reports, the instant invention discloses 

35 a method and a structure wherein an islet-like structure is 
produced which has a morphology and a degree of cellular 
organization much more akin to a normal islet produced in 
vivo through neogenesis. 

Gazdar, et al., (1980) disclosed a continuous, clonal, 

40 insulin- and somatostatin-secreting cell line established 
from a transplantable rat islet cell tumor. However, the cells 
disclosed were tumorigenic and were not pluripotent. 
Brothers, A. J. (WO 93/00441, 1993) disclosed hormone- 

45 secreting cells, including pancreatic cells, maintained in 
long-term culture. However, the cells cultured are 
differentiated, as opposed to pluripotent stem cells, which 
are selected at an early stage for their hormone secreting 
phenotype, as opposed to their capacity to regenerate a 

5Q pancreas-like structure. 

Korsgren, et al., disclosed an in vitro screen of com- 
pounds for their potential to induce differentiation of fetal 
porcine pancreatic cells. The instant invention does not 
depend on the use of fetal tissue. 

55 Nielsen, J. H., (WO 86/01530, 1986) disclosed a method 
for proliferation of wholly or partially differentiated beta 
cells. However, this disclosure depended on fetal tissue as a 
source of the islet cells grown in culture. 
McEvoy et al., (1982) disclosed a method for tissue 

60 culture of fetal rat islets and compared the effect of serum on 
the defined medium maintenance, growth and differentiation 
of A, B, and D cells. Once again, the source of islet cells is 
fetal tissue. 

Zayas et al, (EP 0 363 125, 1990), disclosed a process for 
65 proliferation of pancreatic endocrine cells. The process 
depends on the use of fetal pancreatic tissue, and a synthetic 
structure, including collagen must be prepared to embed 
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these cells for implantation. The thus produced aggregates of 
cultured cells upon implantation require 60-90 days before 
having any effect on blood ghicose levels, and require 
110-120 days before euglycemia is approached. By contrast, 
the instant invention provides in vitro grown islet-like 
structures which do not require collagen or other synthetic 
means for retention of their organization, and which, upon 
implantation, provide much more rapid effects on the gly- 
cemic state of the recipient. 

Coon et aL, (WO 94/23572, 1994) disclosed a method for 
producing an expanded, non-transformed cell culture of 
pancreatic cells. Aggregated cultured cells are then embed- 
ded in a collagen matrix for implantation, with the attendant 
shortcomings noted for the Zayas et al., supra structures and 
the distinctions noted with the structure produced according 
to the instant invention. 

Despite the foregoing reports, the instant invention, 
wherein functional islet-like structures containing cells 
which express insulin, glucagon and/or somatostatin which 
can be implanted into clinically diabetic mammals which 
subsequently remain healthy (after elimination of insulin 
treatment), is surprising. This is because conventional and 
immunofluorescent histology of the pancreatic islets of 
Langerhans (Lacey et al., 1957; Baum et al., 1962; Dubois, 
1975; Pelletier et al., 1975; Larsson et al., 1975), together 
with recent three dimensional imaging Brelje et al., 1989), 
have revealed a remarkable architecture and cellular orga- 
nization of pancreatic islets ideal for rapid, yet finely 
controlled, responses to changes in blood glucose levels. It 
could not be predicted that such a structure could be pro- 
duced in vitro, particularly when one considers that during 
embryogenesis, islet development within the pancreas 
appears to be initiated from undifferentiated precursor cells 
associated primarily with the pancreatic ductal epithelium 
(Pictet et al., 1972) i.e. non-islet cells. The ductal epithelium 
rapidly proliferates, then subsequently differentiates into the 
various islet-associated cell populations (Hellerstrom, 1984; 
Weir et al., 1990; Teitelman et al., 1993; Beattie et al., 1994). 
The resulting islets are organized into spheroid structures in 
which insulin-producing p cells form a core surrounded by 
a mantle of non-p cells. For the most part, glucagon - 
producing a cells (iif the islet is derived from the dorsal lobe) 
or alternatively, pancreatic peptide-producing, PP cells (if 
the islet is derived from the ventral lobe), reside within the 
outer cortex (Brelje et al., supra, 1989; Weir et al, supra, 
1990). Somatostatin-producing 8 cells, which are dendritic 
in nature, reside within the inner cortex and extend 
pseudopodia to innervate the a (or PP) cells and the p cells. 
These spheroid islet structures tend to bud from the ductal 
epithelium and move short distances into the surrounding 
exocrine tissue. Angiogenesis-induced vascularization 
results in direct arteriolar blood flow to mature islets 
(Bonner-Weir et aL, 1982; Teitelman et al., 1988; Menger et 
al., 1994). Since blood glucose can stimulate p cell 
proliferation, vascularization may act to increase further the 
numbers of p cells. Similarly, neurogenesis leads to the 
innervation of the islets with sympathetic, parasympathetic 
and peptidergic neurons (Weir et al., supra, 1990). That we 
have been able to produce functional islet-like structures in 
vitro which can then be implanted to produce pancreas-like 
structures, is therefore quite remarkable. 

Unfortunately, the cellular organization of the islet can be 
destroyed in diseases such as type I, insulin dependent 
diabetes (IDD), in which a progressive humoral and cell- 
mediated autoimmune response results in specific destruc- 
tion of the insulin-producing p cells (Eisenbarth, 1986; 
Leiter et al., 1987). Because the p cell is considered to be, 
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for the most part, a differentiated end-stage cell, it is 
believed that the body has limited capacity to generate new 
p cells, thus necessitating regular life-long insulin therapy 
once the p cell mass is destroyed. However, in experimental 

5 animals, the p-cell mass has been shown to increase and 
decrease in order to maintain euglycemia (Bonner-Weir et 
al., 1994). This plasticity can occur through two pathways of 
islet growth: first, by neogenesis, or growth of new islets by 
differentiation of pancreatic ductal epithelium, and second, 

10 by hypertrophy, or expansion through replication of preex- 
isting P cells. During embryogenesis, the p-cell mass ini- 
tially expands from differentiation of new cells, but by the 
late fetal stages the differentiated p cells replicate. 
Replication, then, is likely to be the principal means of 

15 expansion after birth, but the capacity to replicate appears to 
diminish with age. Adult islet cells have been shown to 
replicate by responding to stimuli known to initiate neonatal 
islet cell growth, e.g., glucose, growth hormone, and several 
peptide growth factors (Swenne, 1992; Hellerstrom et al, 

20 1988; Bonner-Weir et al., 1989, Marynissen et al., 1983; 
Neilsen et al., 1992; Brelje et al., 1993). These observations 
suggest that the low level of p-cell growth in the adult can 
accommodate functional demands. For example, during 
pregnancy or chronic obesity, pcell mass increases signifi- 

25 cantly yet is reversible since, following termination of 
pregnancy or after weight loss, an increased p cell death via 
apoptosis quickly reduces p cell mass. 

It is generally accepted that all pancreatic endocrine cell 
types differentiate from the same ductal epithelium (Pictet et 

30 al., 1972, supra; Hellerstrom, 1984, supra; Weir et al., 1990, 
supra; Teitelman et aL, 1993, supra), but whether they are 
derived from a common stem/precursor cell is uncertain. In 
normal adult pancreas, approximately 0.01% of the cells 
within the ductal epithelium will express islet cell hormones 

35 and can be stimulated to undergo morpbogenic changes to 
form new islets, reminiscent of neogenesis. This neogenesis 
has been irduced experimentally by dietary treatment with 
soybean trypsin inhibitors (Weaver et al., 1985), high levels 
of interfere n-y (Gu et aL, 1993), partial pancreatectomy 

40 (Bonner-Weir et aL, 1993), wrapping of the head of the 
pancreas in cellophane (Rosenberg et al., 1992), specific 
growth factors (Otonkoski et al., 1994) and the onset of 
clinical IDD. Recently, attention has focused on the Reg 
gene (Watanabe et aL, 1994, Otonkoski et al., 1994), iden- 

45 tified in a subtracted cDNA library of regenerating rat islets, 
as a controlling element in the neogenesis of islet p cells, 
Up-regulation of the Reg gene (e.g., by hepatocyte growth 
factor/scatter factor) induces p cell proliferation resulting in 
increased mass, while down-regulation of the Reg gene 

50 (e.g., by nicotinamide) induces differentiation of the 'pre-p' 
cells to mature cells. Thus, a population of precursor/stem 
cells remain in the adult pancreatic ducts and differentiation 
of this population can be evoked in vivo in response to 
specific stimuli. This action may actually occur continuously 

55 at low levels. 

Although intensive efforts have been made to reproduce 
islet neogenesis in vitro, minimal success has been achieved. 
We now describe, for the first time, conditions which permit 
the growth and expansion of mammalian-derived islet- 

60 producing stem cells (IPSCs) in culture, as well as their 
differentiation to islet-like structures. 

Numerous strategies (e.g., bone marrow replacement, 
immunosuppressive drugs and autoantigen immunizations) 
have been investigated as possible means to arrest the 

65 immunological attack against the pancreatic p cells. 
However, for these approaches to be effective, individuals 
who will eventually develop clinical disease must be iden- 
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tified. Most often, patients are identified too late for effective inhibit or prevent the destructive immune process. Other 
intervention therapy since the immunological attack has useful proteins or peptides may be expressed. In addition, 
progressed to a point where a large percentage of the (3 cells expression of specific autoantigens, such as GAD, 64 kD 

have already been destroyed. Because the p cell is thought islet cell surface antigens (see Payton et al, 1995), or any 

to be an end-stage differentiated cell, it was previously 5 other markers identified on the differentiated pancreatic 

believed that the body has little capacity to regenerate new cells, can be eliminated by standard gene knock-out or 

p cells, thus necessitating regular life-long insulin therapy. selection procedures to produce differentiated pancreatic 

Recently, one approach to overcome this problem has been cells which are not or are less susceptible to auto-immune 

islet cell transplantation. Islet cell transplantation has the attack. Methods for producing such mutant or knock out cell 

disadvantage that the islets are allogeneic which, in rum, can 10 lines are well known in the art and include, for example, 

invoke an allo-immune response. Thus, there would be homologous recombination methods disclosed in U.S. Pat. 

major advantages to growing Islets of Langerhans contain- Nos. 5,286,632; 5,320,962; 5342,761; and in WO 90/11354; 

ing functional p cells directly from IDD patients. WO 92/03917; WO 93/04169; WO 95/17911, all of which 

are herein incorporated by reference for this purpose. In 

BRIEF SUMMARY OF THE INVENTION is addition, a universal donor cell is produced by preparing a 

The subject invention concerns the discovery that fane- stem cel] ^ modified 50 as not to ex P re ss human leukocyte 

tional islets containing insulin-producing fi cells, as well as antl S en markers as the cell differentiates into a 

other islet cell types, can be grown in long-term cultures Pancreas-like structure (see especially WO 95/17911, 

from pluripotent stem cells, which give rise to islet produc- su P ra )« 

ing stem cells, IPSCs. 20 Thus, the ability to grow functioning islets in vitro from 

The novel methods of the subject invention take advan- the pancreatic cells of an individual represents a major 

tage of the discovery that IPSCs exist even in the pancreas techmc f al brca ^ hro ^ and facilitates the use of new strat- 

of adult individuals. The cells can be cultured in a minimal, e f ? for **** and studvin g IDD. The discovery that 

high amino acid nutrient medium that is supplemented with „ P lun P° tent s | em c f? ™st in adult pancreas circumvents 

normal serum which is preferably derived from the same 25 excludin g) need to » fetal tissue as a source 

mammalian species which serves as the origin of the islet 06 

cells (homologous serum). Several discrete phases of cell ^ SUD 3 ect invention also concerns the islet cells pro- 
growth result in selection of IPSCs and subsequent progeny duced m vitro according to the methods described herein, 
which are then induced to differentiate and form islet-like 30 Thesc ^ m P roduc ed from a mammalian pancreatic cell 
structures which are distinguishable from pseudo-islet or suspension cultured in vitro and give rise to functional islet 
pseudo-pancreatic tissue of the prior art. In a first phase, cells and islet-like tissue structures, 
primary culture of cells from a pancreas are placed in a low The subject invention further concerns the in vitro 
serum, low glucose, high amino-acid basal medium. This growth, propagation and differentiation of a pancreatic stem 
culture is then left undisturbed for s veral weeks to permit 35 cell, i- e -» a progenitor cell or cells that give rise to the 
establishment of stromal cells and to allow the vast majority formation of all of the different types of cells and tissue that 
of differentiated cells to die. Once this stromal cell layer is make up a normal pancreas. Moreover, the subject invention 
mature, cell differentiation can be initiated by re-feeding the concerns the in vivo use of in vitro grown pancreatic stem 
cell culture with the high amino acid medium supplemented ce lk to produce pancreas-like structures or an "ecto- 
with homologous normal serum plus glucose. After an 40 pancreas" organ that exhibits functional, morphological and 
additional period of growth, functional islets containing histological characteristics similar to those observed in a 
cells which produce insulin, glucagon, somatostatin and normal pancreas. Thus, the ability to produce a functional 
other endocrine hormones can then be recovered using "ecto-pancreas" in vivo from in vitro grown pancreatic cells 
standard techniques. can be used to treat, reverse or cure a wide variety of 
It was not previously known or suspected that pancreatic- 45 P^creatic diseases that are known to result in or from 
derived non-islet cells (ductal derived cells) could be used to damage or destruction of the pancreas, 
grow new islet-like structures, including P cells, in culture. BRIEF SUMMARY OF THE FIGURES 
The fortuitous discovery of culture techniques for growing 

islet-like tissue in vitro eliminates what had previously been FIGS - 1A through ID show cells grown according to the 

a substantial and longstanding barrier to diabetes research. 50 P rocedures of tne subject invention. 

The novel methods and materials described herein enable a FIG. 2 shows an islet-like structure grown according to 

better understanding of the mechanisms of diabetes. the subject invention. 

Furthermore, the ability to produce islet-like structures from FIGS. 3A through 3H shows sequential stages in the 

IPSCs in culture now makes certain therapies for diabetes development of an islet-like structure in vitro from 3 A, 

possible for the first time. For example, in accordance with 55 which shows a few cells after several weeks in culture, 

the subject invention, new cultured islets from diabetic which have survived and which begin to "bud" (FIG. 3B, 

individuals can be implanted in a patient as a way to control dark structure in top right-hand of field), and divide (FIG. 3C 

or eliminate the patient's need for insulin therapy because several locations in field), and to form highly organized 

the cultured islets and/or islet cells are able to produce structures (FIGS. 3D-3H) under the culture conditions 

insulin in vivo. Thus, the subject invention also concerns the go described herein. 

use of the in vitro grown islets of the subject invention for FIGS. 4A and 4B show photomicrographs of the struc- 

implantation into a mammalian species for in vivo treatment hires shown in FIGS. 3G-3H, showing the highly organized 

of IDD - morphology thereof. 

The subject invention also greatly facilitates genetic engi- FIG. 5 shows H/E staining of an islet-like structure 

nee ring of islet cells to resist subsequent immunological 65 cross-sections showing the highly organized morphology of 

destruction. For example, the cultured islet cells can be the structure with f5-cells in the center and glucagon- 

transformed to express a protein or peptide which will producing cells at the periphery. 
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FIG. 6A through 6F shows a series of micrographs in The method of the subject invention involves making 

which an islet-like structure, such as that shown in FIG. 3H, suspensions of cells, including stem cells, from the pancreas 

is harvested from a primary culture. In FIG. 6B, the structure of a mammal. Preferably, the stem cells would be from the 

has disintegrated, and most of the cells have died, but in FIG. pancreas of a prediabetic mammal. However, it is also 

6C a new structure develops. In FIG. 6D, several new 5 contemplated that islet producing stem cells, IPSCs, from 

structures have formed. This series of serial passage steps mammals already showing clinical signs of diabetes, can be 

can be repeated a number of times until the IPSCs become utilized with the subject invention. The cell suspensions are 

depleted. In this event as the structure disintegrates, as in prepared using standard techniques. The cell suspension is 

FIG. 6E, instead of new structures being formed, the dif- then cultured in a nutrient medium that facilitates the growth 

ferentiated cells multiply, as shown in FIG. 6F. It is this type 10 of the IPSCs, while at the same time severely compromising 

of proliferated differentiated cell that is thought to have been the sustained growth of the differentiated or mature cells 

produced by workers such as Coon et al. (see WO 94/23572, other than IPSCs. In a preferred embodiment, the nutrient 

supra). medium is one which has a high concentration of amino 

FIG. 7 shows data from control and implant NOD mice acids - 0ne ^ medium is known as Click's EHAA medium 

after cessation of insulin therapy. 15 and is well known and readily available to those skilled in 

xnn e ct,«„,c me art (feck and Bach, 1973, herein incorporated by refer- 

Mu. o snows an ecto pancreas. <- ... \ ^ L i . 

ence for this purpose). Other equivalent nutrient media 

ABBREVIATIONS AND DEFINITIONS could be prepared and utilized by those skilled in the art. 

What is required for such media is that they have little or no 
IPSCs are Islet Producing Stem Cells. IPSCs are a small 20 glucose (less than about 1 mM) and low serum (less than 
population of cells derived from ductal epithelial cells (i.e., about 0.5%). The high amino acid concentrations are pref- 
these cells are pancreas-derived but are not differentiated erably of amino acids known to be essential for the cells of 
islet cells) discovered in fetal or adult pancreas which, the species being cultured, and provide a carbon source for 
according to this invention, have the capacity of giving rise the cultured cells. In addition, at least one rudimentary lipid 
to islet-like structures in vitro. When ductal epithelial cells 25 precursor, preferably pyruvate, is provided. These condi- 
in combination with the islet-like structures are implanted in tions are so stressful to most differentiated cell types that 
vivo, a pancreas-like structure is formed. When the they do not survive. Surprisingly, however, upon extended 
pancreas-like structure and ductal epithelial cells are culture of cells from pancreatic tissue without re-feeding 
implanted in a location other than the natural pancreatic (about 3 weeks) IPSCs do survive and after extended 
location in vivo, the pancreas-like structure is referred to as 30 culture, begin to proliferate. Subsequent culture phases 
an ecto-pancreas. employ media supplemented with normal serum from the 
Pluripotent pancreas stem cells are cells discovered in the same species of mammal from which the islet cells originate, 
pancreas which give rise to IPSCs. Thus, in the case of mouse islets, the medium is supple- 
Mature islet cells are differentiated cells which arise from mcnted ^ normaI mouse semm > whereas in the case of 
IPSCs and which produce pancreatic hormones. 35 human ^ ^ the medium is supplemented with normal 
T , . . . . t # , , . , human serum. The preparation of normal serum is well 
Islet-l.ke structures, or young-islets, are toghly-organized laam , 0 those me ^ concentration of 

STlSr?S^w Sr^T"?^^ normal used tbe ceU ""to™ method of the 

from IPSCs (see FIG. 3H, HQS. 4A and 4B and cross- subjec , invention ^ ^ Q 5% about 1Q% 

section shown id KG <^ The structures < bud" from foci but J for miw fc ferab * about % Fof humfm ; 

formed by individual IPSCs after most of the cells, which , ■ , • * At 1 u • * a» 

are not IPSCs, which are placed into culture from dissoci- ^ co ° cenlra,lon 15 P refelred ; for «™P»«.. ab ° ut **■ 

ated pancreatic tissue, have died. Upon implantation of the ™ e ceU , ^P 510 " PfP™* * the nutrient medium 

islet-like structure, final differentiation occurs to produce with normal serum and about 2.5-10 mM 

fully mature islet cells glucose is then incubated under conditions that facilitate cell 

45 growth, preferably at about 35-40° C. and, preferably, in an 

DETAILED DESCRIPTION OF THE atmosphere of about 5% C0 2 . This incubation period is, 

INVENTION mus ' carried out utilizing standard procedures well known to 

those skilled in the art. During this time stromal or ductal 

According to the subject invention, functional Islets of epithelial cells proliferate and establish a monolayer which 

Langerhans can for the first time be grown in in vitro 50 will ultimately give rise to islet-like structures. The initiation 

cultures. The techniques of the subject invention result in of cellular differentiation can be brought about by re-feeding 

cell cultures which can produce insulin, glucagon, soma- the cultures with Click's EHAA or like medium supple- 

tostatin or other endocrine hormones. Other useful proteins mented with normal serum as discussed above. Rapid 

may also be produced by, for example, transforming the islet re-feeding was found to induce extensive islet foci and 

cell with DNA which encodes proteins of interest. The 55 islet-like structure formation with considerable cell differ- 

ability to grow these functional cell cultures enables those entiation. We have found that cellular differentiation is 

skilled in the art to carry out procedures which were not further enhanced by inclusion of relatively high concentra- 

previously possible. In the following disclosure, the term tions of glucose (about 10-25 mM and preferably 16.7 mM) 

islet-like structure should be read as being interchangeable in the re-feed medium. In addition, it is contemplated that 

with the term "yonng-islets", because these in vitro pro- 60 any of a number of other biological factors, including but not 

duced structures have most of the attributes of islets pro- limited to factors which up-regulate the Reg gene, such as 

duced in vivo during normal neogenesis. The immature hepatocyte growth/scatter factor, and other cellular growth 

nature of these structures permits implantation in vivo with factors, such as insulin-like-growth factor, epidermal growth 

rapid final differentiation and vascularization ensuing to factor, keratinocyte growth factor, fibroblast growth factor, 

provide a functioning replacement to damaged or otherwise 65 nicotinamide, and other factors which modulate cellular 

compromised islets in recipients such as diabetic or predia- growth and differentiation can be added to the cultures to 

betic mammals, in need of such treatment. optimize and control growth and differentiation of the 
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IPSCs. By employing any of these various factors, or increasing the understanding of important aspects relating to 

combinations thereof, at different stages, at different seeding cell differentiation and function. 

densities and at different times from seeding in the course of I n a further embodiment of the subject invention, pluri- 

IPSC differentiation, IPSC cultures are optimized. In potent pancreatic stem cells, which give rise to ISPCs, have 

addition, factors produced by the IPSC cultures in the course 5 been grown in vitro from pancreas cells isolated from a 

of differentiation which augment growth can be isolated, mammal. A surprising discovery using these in vitro grown 

seo^enced cloned, produced in mass qualities, and added cells in conjunction with the methods of the subject 
to IPSC cultures to facilitate growth and ^differentiation of invention, was the ability lo grow and produce, in vivo, an 

those cultures The relevant factors are identified by con- mat exhibited f^ional, m0TV ^ cal and hislo . 

centratmglPS^ 1Q features and characteristics F simi £ t0 a normal 

and late stages of differentiation and testing ; for the ability of ^ mcludin cell differentiatioDj t0 form endocrine 

hese concentrates to augment IPSC growth and differentia- and exocrine ^ ^ reas> (a pan^^e 

turn. Positive effects are correlated with molecular constitu- situated at an abnormal J e ^ ^ ^ ^ > 

ents in the concentrates by two-dimensional gel electro- duced m vivo accordi t0 me subject ^ £ 

phoresis of positive and negative supernates, purification J5 sents a major sdemific discQ ^ ides ^ 

and N-terminal sequencing of spots present only in the means for smdymg, treatmg, reversing or curing a number of 

positive concentrates and subsequent cloning and expression pancreas . asso 4 te & d pathog * nic „ Jj^ ^ not 

of the genes encoding these factors. Smiled tQ pancreatitiSf pancreatic cancer ^ ^ ^ is 

Upon histological examination of the cells in the islet-like accomplished by removal of the diseased tissue and implan- 

structures, at least three distinct cell types were identifiable 2Q tatioQ of ^ f^t-Uk* structures produced according to this 

and appeared similar to islet cells prepared from islets of invention. In addition, the islet-like structures can be 

control mice. The time required for ceil differentiation to implanted into the natural pancreatic site, 

occur within these foci decreased as the frequency of Because ^ provides a melood for 

lC ~™ ^ W ^ mcre f™' pancreatic stem cells and production of young islets in vitro, 
We have been able to propagate and expand islet- 25 study of me growth and differentiation of this cell-type is 
producing cultures through the serial transfer of isletnderived now possi ble. Accordingly, all of the known methods of cell 
stroma cells plus islet foci to new culture flasks. This culture, purification, isolation and analysis can be brought to 
facilitates generating sufficient numbers of islets as required bear on the signified questions regarding how many types 
for use in methods described herein, for example, for of cells are mvolved in pancreatic ceU differentiation. These 
reversing the metabolic problems of IDD. 30 methods mclude> but are not ^ fluoresce nce acti- 
In order to determine whether the islet-like structures vated cell sorting (FACS), magnetic bead usage (as in, for 
and/or islet cells produced in vitro according to the subject example, the use of the commercially available DYNA 
invention could reverse IDD, the islet-like structures were BEADS which are specifically adapted for this purpose), use 
implanted into NOD mice. Mice that received the islet of magnetically stabilized fluidized beds (MSFB, see U.S. 
implants exhibited a reversal of insulinKiependent diabetes, 35 Pat. No. 5,409,813), and any of a number of other methods 
whereas untreated NOD mice showed signs of clinical known in the art. The pathway for this process is now 
disease. In addition, no autoimmune pathogenesis was amenable to dissection. Identification of markers (including 
observed during the duration of the implants. Thus, islet cell-surface, intracellular, protein or mRNA), specific to 
implants of the subject invention can be used in vivo to treat every stage of this process, are also now readily identifiable 
diabetes in mammals, including humans. 40 through application of standard techniques including, but 
In a preferred embodiment of the subject invention, the not limited to: production of antibodies, including mono- 
progression of diabetes can be slowed or halted by clonal antibodies, to cells, cell surface markers, and cellular 
re-implantation of autologous islets engineered to be resis- components which differ throughout the process of pancre- 
tant to specific factors involved in the immunological attack. atic stem cell maturation; production of T-lymphocytes 
For example, the islets can be engineered so that they are 45 which specifically respond to antigens expressed by the 
resistant to cytotoxic T cells (see, for example, Durinovicet pancreatic cells at different stages in the maturation and 
al., 1994, identifying islet specific T-cells and Tcell receptor differentiation process (see for example Wegmann et al, 
sequences which are similar to insulitis-inducing T-cells of 1993); identification and elimination of cell surface markers 
diabetic mice; Elias and Cohen, 1994, identifying peptide recognized by T-cells and which, therefore, result in differ- 
sequences useful in diabetes therapy in NOD mice by 50 entiated p -cell destruction if present (see references above); 
turning-off production of specific diabetogenic T-cell clones; identification of factors significant in bringing about the 
Conrad et al., 1994, describing a membrane-bound, islet different stages of maturation and the different factors pro- 
cells superantigen which triggers proliferation of islet infil- duced by the differentiating cells; subtractive hybridization 
trating T-cells; Santamaria et al., 1994, describing the of nucleic acids isolated from cells at different stages in the 
requirement of co-expression of B7-1 and TNFA for diabetes 55 maturation process, enabling pinpointing of gene products 
and islet cell destruction; any of these antigens may be significant to each aspect of the cellular differentiation; 
eliminated according to known methods to improve the differentiated display PCR (see Liang et al., 1992); arbi- 
resistance of the implanted islets against immunologic trarily primed PCR (see Welsh etal., 1992); representational 
attack). The availability of long-term cultures of whole islets difference analysis PCR (RDA-PCR) (see Lisitsyn, 1993); 
can also be used in investigations into the pathogenesis of 60 encapsulation of single pancreatic progenitor cells or popu- 
IDD, including the cellular recognition of P cells, the mode lations thereof for implantation in appropriate host 
of islet infiltration, and the immune mechanisms of p cell organisms, thereby providing advantages that such methods 
destruction. Furthermore, this technology facilitates islet have demonstrated in implantation of other types of pro- 
transplantation, autologous islet replacement, and develop- genitor or engineered cells (see Altaian et al., 1994); genetic 
ment of artificial islets. The growth of these cells and 65 engineering of the pancreatic progenitor cells to produce 
islet-like structures according to the procedures of the sub- cells less susceptible to autoimmune attack, such as by 
ject invention has great utility in teaching students and in knock-out of autoantigen genes, or insertion of resistanci 
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enhancing genes; other genes which may be inserted into the I IDD patients following onset of disease might actually 

IPSCs include those which provide altered cellular surface represent a time when stem cell growtt. is induced, only to 

antigens or which provide different biochemical properties be subsequently overwhelmed by the on-going autoimmune 

to the internal milieu of the cells; these include genes which reaction. Since re-implantation of autologous islets is 

express enzymes which increase or decrease the sensitivity 5 thought to require cells engineered to be resistant to the 

of the cells to glucose or genes which increase or decrease immunological attack, identification and culture of islet stem 

the responsiveness of the cells to growth factors; in addition, cells as disclosed herein is essential for the genetic engi- 

genes which increase or decrease the production of insulin, neering efforts described above. 

glucagon or somatostatin may also be introduced; examples Surprisingly, the in vitro-generated islet implants of this 
of how these types of modifications can be introduced into 1Q invention showed no signs of immunological attack over the 
the IPSCs include electroporation, virus vectors, transfec- time period studied here. It is possible that the autoantigen(s) 
tion or any of a number of other methods well known in the a re not expressed on cultured cells, cr that the autoantigen(s) 
art (see for example WO 95/17911; WO 93/04169; WO caa not be presented since culture dilutes out the 
92/03917; WO 90/11354; U.S. Pat. No. 5,286,632; WO macrophages, or such implants may induce peripheral tol- 
93/22443; WO 94/12650; or wo 93/09222; all of which are 1$ erance . availability of long-term cultures of whole islets 
incorporated by reference for this purpose); production of facilitates investigations into the pathogenesis of IDD, 
universal donor (knock-out) cells which, for example, have including the cellular recognition of p cells, the mode of islet 
deleted or otherwise modified human leukocyte antigens infiltration, and the immune mechanisms of P cell destruc- 
(see WO 95/17911, supra). Because this process does not t j on . Furthermore, this technology facilitates islet 
depend on the use of fetal tissue, it is possible to remove 2Q transplantation, autologous islet replacement, development 
pancreatic tissue from a mammal suffering from IDD or at 0 f artificial islets and reduces the need for insulin therapy, 
risk of suffering from IDD, grow an islet-like structure in Accordingly, this invention provides a method for the in 
vitro and re-implant that structure into the individual to vitro growth of islet producing stem cells, IPSCs, to produce 
produce physiologically relevant amounts of insulin in an ^-like structure. The method comprises culturing pan- 
response to fluctuations in blood glucose. 25 creatic ^ from a mammalia n species in a basal nutrient 

In view of the foregoing disclosure and the exemplary medium supplemented with normal serum at below about 

support which follows, it should be recognized that the 0.5% and glucose at below about 1 mM, allowing the IPSCs 

scope of the appended clai ns extends to the various embodi- to grow for at least about 3 weeks, and initiating cellular 

ments and aspects of this invention which those skilled in the differentiation into mature islet cells by re-feeding the IPSCs 

art will recognize are enabled by this significant invention. 30 m culture with a nutrient medium supplemented with normal 

It will also be recognized that data presented herein reveal serum at about 0.5-10% and glucose at about 2.5 mM-10 
that in vitro neogenesis of islets from isolated pluripotent mM. The pancreatic cells may be from any mammal, includ- 
stem/progeritor cells is possible, but involves several dis- ing humans and mice, and the serum is from the same 
tinct phases of growth, including: 1) Establishment of a species. The medium preferably contains all of the amino 
stromal, or "nurse", cell monolayer of ductal epithelial cells 35 acids essential to growth of cells from the species being 
which permits the generation of IPSCs. 2) Induction of cultured and in such quantity as to ensure that the culture 
stem/progenitor cell proliferation with specific culture con- does not become depleted. Upon re-feeding, the re-feed 
ditions which promote cyclical regeneration of IPSCs and medium preferably contains glucose and serum in sufficient 
also prevent premature differentiation of the IPSC. 3) quantities to stimulate differentiation. Furthermore, accord- 
Expansion and differentiation of the a, P and 6 cells. This 40 ing to this method, once differentiation has begun, the cells 
step is dictated by the culture environment, as differences in are preferably re-fed frequently (about once per week). This 
culture nutrients and growth factors result in islets contain- method produces islet cells and islet-like tissue structures, 
ing different percentages of the various islet cell types. Tnis method als0 prov ides a source of endocrine 
Identification of in vitro conditions which induce the p cell hormones, including but not limited to insulin, glucagon and 
to its final maturation stage, i.e., formation of insulin- 45 somatostatin, which can be recovered from the IPSC culture 
containing granules and glucose responsiveness can also me dium or which can be directly released into a mammal by 
now be achieved. A factor present in vivo which achieves implantation of the islet-like structures into the tissue of a 
this final differentiation is identified by addition of cellular mammal to produce a pancreas-like structure. Such implan- 
extracts or growth factors to the IPSC cultures. tation provides a method for treating pancreatic disease in a 

We have maintained primary IPSC cultures for up to 10 so mammal by implanting an islet-like structure to produce a 

months and secondary cultures an additional 14-16 months pancreas-like organ in the mammal. In one embodiment, the 

each capable of expansion and differentiation to form islet- islet cells or islet-like structure of this invention is geneti- 

like structures. While the ability to grow functioning islets cally modified so as to not produce IDD autoantigens or 

from prediabetic adults represents a major technical break- HLA markers such that it does not express insulin dependent 

through and focuses attention on possible new strategies for 55 diabetes associated autoantigens, other than insulin, or 

attaining a cure for IDD, perhaps the most important aspect which has been modified so that it does not express human 

of this work is the demonstration that pluripotent stem/ leukocyte antigens, as said stem cell differentiates into said 

progenitor cells, which can give rise to IPSCs and pancreas- pancreas-like organ. Furthermore, the pancreatic stem cell 

like structures when implanted, exist in the islets of both ma y be encapsulated in an insulin, glucagon, somatostatin 

normal and (pre)diabetic adults. This finding will eliminate eo and other pancreas produced factor permeable capsule. Also 

the need to use either fetal, allogeneic or xenogeneic tissue provided is a method for analyzing the differentiation of 

for transplantation of P cells into IDD patients; to develop pancreatic stem cells which comprises culturing at least one 

novel strategies to reverse hypoglycemia in vivo; study pancreatic stem cell in vitro, and inducing said at least one 

immunological responses to newly implanted islets; and/or stem cell to begin differentiation into a pancreas-like struc- 

create islets resistant to immunological attack. 6 5 tare. This method also permits identification of mRNA or 

It is tempting to speculate, based on the data presented protein markers specific to a plurality of different stages in 

herein, that the well-documented period of remission in type the differentiation process. The protein markers may be 
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expressed on the cell-surface, be secreted, or they may be glucose, serum at a concentration below about 0.5%, 

intracellular. In another aspect of this invention a ligand essential amino acids for the cells of the species from 

binding molecule and a method for making a ligand-binding which the pancreatic cells were obtained, and a lipid 

molecule which selectively binds to pancreatic stem cells or source, until about 99% of the cells in said culture 

to more differentiated pancreatic cells is provided. The 5 have died (phase I); 

method comprises contacting a naive B-lymphocyte or b. re-feeding the culture of step (a) with the minimal 

T-lymphocyte with an identified protein marker, and cultur- medium supplemented with about 1-10 mM glucose 

ing and expanding the B-lymphocyte or T-lymphocyte to and about 0.5%-10% serum (but less than a toxic 

obtain a population of cells which produce the ligand- amount) and re -feeding about once a week until 

binding molecule. These ligand -binding molecules thus pro- 10 rapid proliferation occurs; 

vide a method of isolating a pancreatic stem cell or partially c. re-feeding the culture of step (b) with the minimal 

differentiated pancreatic cells at any stage between that of a medium supplemented with 0.5%-10% serum and 

pancreatic stem cell and a fully differentiated pancreatic cell. about 10-25 mM glucose and, optionally, added 

This method comprises selecting the cell from a population growth or cellular factors (phase III); 

of cells comprising the cell, with a specific ligand-binding 15 d. allowing islet-like structures to bud into the medium; 

molecule which binds to a protein marker expressed by the e. recovering the islet-like structure. 

cell at a given stage of differentiation. Alternatively, the This process may be repeated several times by serially 

method comprises selecting and removing other cells from transferring epithelial cells plus early-stage, proliferating 

a population of cells comprising the cell with a specific islet-like structures in culture in vitro. 

ligand binding molecule which binds to a protein marker 20 As used herein, the term "growth" refers to the mainte- 

absent on the surface of the cell. In yet another aspect, this nance of the cells in a living state, and may include, but is 

invention provides a method for treating a mammal suffering not limited to, the propagation and/or differentiation of the 

from, or at risk of IDD, which comprises: cells. The term "propagation" refers to an increase in the 

a. removing pancreatic tissue from the mammal; number of cells present in a culture as a result of cell 

b. culturing pluripotent pancreatic cells present in the 25 division. , 

f t >*L • -JL , ':5uf «.f™ Following are examples which illustrate procedures, 

pancreatic tissue in vitro to generate islet-like struc- . , * , ^ , r _ . . \, r™ 

tures* and including the best mode, for practicing the invention. These 

, ' . . , , examples should not be construed as limiting. All percent- 

c. implanting said islet-hke structures into said mammal. agesarebyweightandaUsolventmixture p r0 p 0rt i onsar eby 

^SffP** of mventlon » th . ere » V™** an so volume unless otherwise noted. 

IPSC modified so as not to express insulin dependent 

diabetes autoantigens in either the undifferentiated or in the EXAMPLE 1 
differentiated state of the IPSC. Preferably, the autoantigen 

which is not expressed as a result of the modification is Culturing of Functional Islets of Langerhans 

selected from GAD, 64 kD islet cell antigen, and HLA 35 sing j e ^j] suspensions of islet cells were prepared from 

markers. whole islets isolated from the pancreas of 19-20 week old 

As part of the method of this invention, a method for in prediabetic male NOD/UF mice, as detailed elsewhere 

vitro neogenesis of islets from pluripotent stem or progenitor ( Shieh et ^ 1993 ) Really, about 25% of the male mice 

cells is provided which comprises: m a NOD colony will have overt IDD at this age and all will 

a. establishing a stromal, or "nurse", cell monolayer of ^ have severe insulitis. The islet cells were re-suspended in 
ductal pancreatic epithelial cells which permits the glucose depleted or glucose-free Click's EHAA medium 
generation of IPSCs; (Peck and Bach, 1973, supra; Peck and Click, 1973) supple- 

b. inducing stem/progenitor cell proliferation with culture mented with normal mouse serum (NMS) to 0.25%, plated 
conditions which promote cyclical regeneration of in a 25 cm 2 tissue culture flask, and incubated at 37° C. in 
IPSCs and also prevent premature differentiation of the 45 a 5% C0 2 atmosphere. At this stage, two outcomes are 
IPSC; and possible: first, the islet-infiltrating cells may dominate, thus 

c. expanding and differentiating the IPSCs to produce an permitting the establishment of immune cell lines, or 
islet-like structure comprising a, P, and 5 cells. second, ductal epithelial cells (often referred to as stromal 
Preferably, the culture-generated islet-like structure is cells in these cultures) may dominate, thus allowing the 
characterized by large, differentiated cells which stain 50 growth of a "nurse cell" monolayer. Growth of stromal-like 
with insulin-specific stain in the center of the islet-like cell monolayers appeared to result when islet-infiltrating 
structure; small differentiated cells which stain with cells were plated simultaneously but in limited numbers, 
glucagon-specific stain at the periphery; and prolifer- Enrichment of the islet cells with decreased numbers of 
ating and undifferentiated cells which do not stain with infiltrating cells can be achieved by gradient Separation 
any of the endocrine hormone-specific stains in the 55 (Jarpe et al., 1991, supra). The vast majority (>99%) of the 
inner cortex. The structure is further characterized in origiral cells die during this incubation period, leaving a 
that, upon breaking the structure into single cell sus- small number of epithelial-like cells attached to the culture 
pensions by mechanical or other means in the presence dish (FIGS. 1A and 3A, Stage I). Stromal cell cultures, when 
of a proteolytic enzyme and subsequent staining of left undisturbed for 4-5 weeks (i.e., no re-feeding) prolif- 
individual cells, individual cell populations which stain 60 erated to cover the entire bottom surface of the culture vessel 
either with glucagon-specific stain (a cells), insulin- (FIGS. 3C and 3D). 

specific stain ((3 cells) or somatostatin-specific stain(6 Differentiation and endocrine hormone expression of the 

cells) are observed. The method of in vitro neogenesis cultures was initiated by re-feeding the cultures with Click's 

of islets according to this invention preferably com- EHAA medium supplemented with NMS and a sugar solu- 

prises: 65 tion comprising glucose or sucrose or other sugar equiva- 

a. dispersing and leaving undisturbed pancreatic cells lents. Typically, the sugar is glucose. The concentration of 

in a minimal culture medium comprising little or no glucose can be between about 0.25 mM to about 10 mM, but 
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typically is about 2.5 mM. Normal NCD or NMS serum at 
about 0.5% is also preferably included. Techniques for 
re-feeding cell cultures in vitro are well known in the art and 
typically involve removing from about 50% to about 90% of 
the old nutrient medium and adding fresh medium to the s 
culture flask. Rapid re-feeding induced the formation of 
increasing numbers of centers of islet growth (referred to 
herein as foci) exhibiting cell differentiation. The rate of 
re-feeding can be, for example, at about one week intervals. 
Preferably, the rate of re-feeding is at about 5 to 6 day 10 
intervals. Small rounded cells appeared on top of the epi- 
thelial monolayers, almost as if by budding (FIGS. IB and 
3D, Stage II). At peak production, as many as 50-100 foci 
occurred simultaneously in a single 25 cm 2 (4 in 2 ) tissue 
culture flask. Each individual rounded cell underwent rapid 15 
proliferation, with the daughter cells forming cell clusters 
(FIG. 1C). Rapid refeeding induced increasing numbers of 
cell clusters as well as increased numbers of cells within 
each cluster. Induction of islet-like structures (Stage III) was 
enhanced through re-feeding of cultures with EHAA 20 
medium supplemented with normal mouse serum (0.5%) 
and high levels of glucose (10 mM-25 mM and preferably 
about 16.7 mM glucose — See FIG. ID and 3E-3F). As the 
cell proliferation and differentiation proceeded, the organi- 
zation of the islet took place and the islet even appeared to 25 
surround itself with a capsular material. Mature islets (Stage 
IV) appeared as smooth spheroids composed of tightly 
clustered cells (FIG. 3F-3H). This differentiation appears to 
be enhanced when serum from NOD mice is used rather than 
serum from other strains of mice, and higher levels of 30 
insulin-like growth factor (IGF), epidermal growth factor 
(EGF) and/or hepatocyte growth factor (HGF) in the NOD 
mouse serum are believed to be responsible for this effect. 
The islets generally grew to a constant size (about 
100-1 50/i, FIG. 2, although fusion of two clusters resulted 35 
in islets about twice the general size), then detached off of 
the stromal layers to float in the medium. These free-floating 
islets tended to break down within 48-72 hours, similar to 
what is observed when pancreatic islets are isolated from in 
vivo sources and then cultured under similar conditions. 40 
Serial rounds of this process may then be conducted (see 
FIG. 6A-6D and Example 5 below). 

The islet-like structures, collected after natural detach- 
ment or removal from the stromal layers using a Pasteur 
pipette, were gently washed in medium, then broken into 45 
single cell suspensions by reflux pipetting. Single cell sus- 
pensions were prepared by cytocentrifugation, then stained 
for general morphology and insulin production. The foci 
contained cells producing the endocrine hormones glucagon 
(a cells), insulin (P cells) and/or somatostatin (6 cells). 50 
Furthermore, the major population of cells stained positive 
with anti-insulin antibody, indicating the major cell type 
contained in the cultured islet is an insulin-producing p cell. 
FIGS. 1A through ID show the various cell types which 
develop during the culture process. FIG. 2 shows a well- 55 
developed islet obtained after the in vitro culture of cells 
according to the method of the subject invention. 

EXAMPLE 2 

Culturing of Human Islet Cells 60 

For culturing human islet cells, a procedure similar to that 
described in Example 1 was utilized. The procedure of the 
subject invention is particularly advantageous because it is 
not necessary to utilize fetal cells to initiate the cell culture. 65 
In a preferred embodiment, the human cells can be sus- 
pended in Click's EHAA medium (or the equivalent thereof) 
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supplemented with normal human serum. Preferably, the 
concentration of normal human serum used in the medium 
is about 0.25%-l% in phases I and II, respectively, and 5% 
during subsequent phases. The cultures should be left undis- 
turbed with no re-feeding, preferably for several weeks 
(phase I). After about 4-5 weeks in culture, cell differen- 
tiation can be initiated by re -feeding the cultures with 
Click's EHAA medium supplemented with normal human 
serum and glucose as described in Example 1. Islet -like 
structures can subsequently be collected and single cell 
suspensions prepared for further propagation as described in 
Example 1. 

EXAMPLE 3 

Implantation of in vitro Grown Islet Cells 

To test the efficacy of these in vitro generated islet-like 
structures to reverse the complications of IDD, approxi- 
mately 150-200 foci plus some stromal cells grown in vitro 
according to the method of the subject invention from 
pancreatic tissue of NOD mice were dislodged from the 
tissue culture flask by reflux pipetting. The cells were then 
implanted beneath the kidney capsule of syngeneic diabetic 
NOD mice maintained by daily insulin injections. Implan- 
tation was accomplished by puncturing the kidney capsule 
with a hypodermic needle, threading a thn capillary tube 
through the puncture site into the kidney, and injecting the 
islet foci directly into the cortex region. The capillary tube 
was carefully withdrawn and the puncture site cauterized. 
The surgical incision of each implanted mouse was clamped 
until the skin showed signs of healing. The implanted mice 
were maintained on insulin injections for 4 days at the full 
daily dosage, and then for 2 days at the half daily dosage, 
after which the mice were completely weaned from further 
insulin treatment. Control animals consisted of diabetic 
NOD mice that did not receive an implant. 

Within 8-14 days after weaning from insulin, control 
NOD mice showed a rapid onset of overt disease, including 
lethargy, dyspnea, weight loss, increased blood glucose 
levels (400-800 mg/dl), wasting syndrome, failure of wound 
healing and death within 18-28 days (FIG. 7). Implanted 
NOD mice maintained a blood glucose level of about 
180-220 mg/dl (which is slightly above the normal range for 
mice), showed increased activity, rapid healing of surgical 
and blood -draw sites, did not develop dyspnea, and 
remained healthy until killed 55 days post-implant for 
histological studies (FIG. 7). Similar observations have been 
seen with intra-splenic implants. These data are consistent 
with the concept that the implanted in vitro-generated islets 
provide the necessary insulin to maintain stable blood glu- 
cose levels over the time course of the experiment. 

EXAMPLE 4 

In vivo Production of Ecto-Pancreas 

Histological examinations of the implant sites in mice that 
were implanted with the islet cells as described in Example 
3 revealed an additional characteristic of the in vitro gen- 
erated islet-forming stem cells. Implanted cells which 
"leaked" from the implant site of the kidney underwent 
additional proliferation and differentiation and formed a 
highly structured ecto-pancreas. At first, the ecto-pancreatic 
tissue consisted entirely of proliferating exocrine cells which 
organized into an exocrine pancreas complete with inner- 
vating blood vessels. This exocrine pancreas progressed to 
form islet-like endocrine structures (see FIG. 8). Thus, the in 
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vitro cell cultures produced according to the methods of the EXAMPLE 7 

subject invention contain pluripotent pancreatic stem cells 

capable of regenerating a completely new pancreas. The Limiting Dilution of Pancreatic Cells — Cloning of 

growth of a pancreas containing both exocrine and endo- Single Pancreatic Stem Cells 

crine tissue provides new methods for treatment of pancre- 5 A , t , it _ , , .« . « 

atic diseases, including pancreatitis and pancreatic cancer. ,. Accord ?8 to * e . meth( ^ desc " bed a £ ove ' ?> aCK *f 
& r r tissue is dispersed in a culture medium. To isolate single 

EXAMPLE 5 stem f° r clonal production of differentiated pancreatic 

cells, the dispersed pancreatic cells are subjected to limit 

Long Term Propapation of IPSCs ^ dilution according to methods well known in the art. Thus, 

Long term propagation (>1 year) of the IPSCs was fo ' t ^ m f 'f™ 1 * n - fold f utions « conducted after an 

achieved through serial transfers of small numbers of the mitia ^^u? ! ^^ ° f m ^ 

epithelial cells plus a few early-stage, proliferating islet-like sample, such that the final dilution yields, at the most, an 

structures to new culture flasks. Cells from a single 25 cm 2 avc f ra K f f " <f lls P? ™™>™* wel1 or other container 

tissue culture flask have been expanded successfully to 5-10 15 SU ^ We fo ' this ^ e of dilution expe^ent. Thereafter, the 

150 cm 2 tissue culture flasks. Interestingly, serial transfer « Us . are ^ owed t0 remain ^disturbed until foci begin to 

uniformly resulted in the islet structures "melting- away, develop. T^ese foci are stem cells which have each arisen 

similar to the detached islet-like structures, while new from a Slem ° r ! f SC and 'which can 

stromal monolayers formed (FIG. 6A-6B). However, seri- f ach * C ? ltured t0 ^ ™ structure for ^P 1 ^' 

ally transferred cultures produced new islets far sooner than 20 UtKm t0 form a P**«»*M» struct ^ e - 

primary cultures and in higher number (as many as 200-250 EXAMPLE 8 
structures per square inch of culture-FIGS. 6C-6D). 

However, eventually, after many rounds of serial growth and Identification of Markers Associated With Different 

production of islet-like structures, a point is generally Stages of Pancreatic Stem CeU Differentiation, and 

reached where after the islet-like structure "melts", only 25 Production of Ligand Binding Molecules Specific 

differentiated cells proliferate (see FIGS. 6E-6F). The same t0 Ea ch Stage of Differentiation 
thing can occur, in the absence of observable islet-like 

structure formation, if primary pancreatic tissue is grown in Foci of isolated stem cells produced according to 

primary culture under conditions which do not kill most of Example 7 or by an analogous method are analyzed both 

the differentiated cells. 30 prior to and after induction of differentiation according to 

Example 1 or by a similar method. The cells at each stage, 

EXAMPLE 6 from stem cell to fully committed differentiated pancreatic 

At- r t i t t o ce ^» arc analyzed as follows: 

Analysis of Islet-Like Structures , 

A. Nucleic Acid: At each stage of differentiation, mclud- 

Photomicrographics of serial sections of immature, 35 ing the undifferentiated progenitor cells and the fully dif- 
culture-generated islet-like structures and sections thereof ferentiated pancreatic cells, mRNA is isolated. This RNAis 
(shown in FIGS. 4 and 5, respectively) again demonstrate used to make cDNA according to standard methods known 
the uniformity of growth. Large, somewhat differentiated in the art (Maniatis et al, 1982) including but not limited to 
cells which stain weakly with insulin are observed in the PCR dependent amplification methods using universal 
islet center. Small differentiated cells which stained with 40 primers, such as poly A. Each amplification represents a 
glucagon were apparent at the periphery, while a significant library of message expressed at each stage of pancreatic 
number of immature, proliferating, and undifferentiated stem cell development. Accordingly, message not present in 
cells which did not stain with any of the endocrine hormone stem cells but present in fully differentiated pancreatic cells 
antibodies were present in the inner cortex. To determine is identified by hybridizing the cDNA from each stage and 
more precisely the cell phenotypes present within the in 45 isolating message that remains unhybridized. Likewise, 
vitro grown islets, the islet-like structures were collected methods such as differentiated display PCR, arbitrarily 
following detachment from the epithelial monolayers, gently primed PCR or RDA-PCR (see above) may be used. In this 
washed in medium, then broken into single cell suspensions manner, message unique to each stage is identified by 
by mechanical means, such as reflux pipetting in the pres- subtraction of message present at other stages of differen- 
ence of a proteolytic enzyme such as 0.25% trypsin. Slides 50 tiation. Also, by this method, gene products produced at each 
of single cell suspensions were prepared by cytocentrifuga- stage of the differentiation process are identified by express- 
tion and stained for general morphology or cellular content. ing the product encoded by the subtracted message. 
Several morphologically distinct mature and immature cell Antibodies, including monoclonal antibodies, are then pro- 
types are observed following H/E staining. Furthermore, duced by using these gene products as antigens according to 
individual cell populations stained with either anti-glucagon 55 methods well known in the art (see Goding, J. W., 1986). 
(a cells), anti-insulin (fJ cells) or anti-somatostatin (o cells) These antibodies are subsequently used to isolate cells from 
antibodies, indicating the pluripotent nature of the stem/ any given stage of differentiation based on affinity for 
progenitor cells giving rise to the islet-like structures. These markers expressed on the cell surface of the pancreatic cell, 
observations emphasize two points: first, the weak staining In addition, identification of specific markers which are 
for endocrine hormones suggests the cells of in vitro- 60 expressed on the surface of the differentiated pancreatic cells 
generated islets remain relatively immature, and therefore allows production of knock-out lines of pancreatic cells by 
capable of further differentiation upon in vivo implantation, site-directed mutagenesis using the identified sequences to 
and second, the fact that >100% of the cells could be direct mutations in stem cells according to methods such as 
accounted for by endocrine hormone staining indicates that those disclosed in U.S. Pat. Nos. 5,286,632, supra; 5,320, 
some cells must express both glucagon and insulin 65 962; 5,342,761; and in WO 90/11354; WO 92/03917; WO 
simultaneously, as reported recently by Teitelman et al. 93/04169; and WO 95/17911. Selection of mutant cells 
(Teitelman et al., 1993, supra). which do not produce the knocked-out gene product is 
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accomplished using the antibodies to the specific gene tially or completely differentiated pancreatic cells can be 

product selected against to provide clones of cells in which isolated according to methods well known in the art. 

that product is absent. Accordingly, the methods for hematopoietic stem cell iso- 

B Protein Markers: At each stage of differentiation, lation disclosed m U.S. Pat. Nos. 5,061,620; 5,437,994; 

nicludmg the undifferentiated progenitor cells and the fiilly 5 5399,493. m which p 0pu i at i 0 n S of pure stem cells are 

differentiated pancreatic cells, antibodies are generated to . , 4 \, . *-u j- * « « 1 1. u 

whole cells and subcellular fractions, according to standard *° lated ^ antibodies to stem 1 cell markers, are hereby 

methods known in the art. As specific examples of this incorporated by reference as if fully set forth herein, 

process: Likewise, the methods for mammalian cell separation from 

a) Production of rat anti-mouse IPSC mAbs: To enhance mixtures of cells using magnetically stabilized fluidized 
selection of B lymphocytes activated against IPSC-specific 1£ > beds (MSFB), disclosed in U.S. Pat. No. 5,409,813, are 
antigens, rats are immunized with normal mouse tissue hereby incorporated by reference as if fully set forth herein, 
followed by treatment with cyclophosph.amide on day 7 Antibodies to markers identified at each stage of pancreatic 
post-immunization. Cyclophosphamide selectively kills the stem cell differentiation are attached to magnetizable beads, 
reactive B cells leaving the rats unresponsive to normal and ^Us are passed through the magnetically stabilized 
mouse ^ antigens. On day 14 post-immtimzation, the rats are 15 fluidized bed Cells which adhere ^ ' b d 

re-challenged with cells collected from various stages of wn ok i fl k a ,^ ~ n w ua *u u\u , j 

mouse IPSC cultures. Three to four weeks after this sec- ™& * beads > or cells whlch flow me bed > are 

ondary challenge, the rats are re-immnunized with IPSC isolated. 

culture cells for three days, then fused with the SPO/2 Any of a number of other methods known in the art for 

myeloma partner. Positively reacting antibodies are selected isolation of specific cells may be used for this purpose, 

and cloned. 20 These methods include, but are not limited to, complement 

b) Production of mouse anti-human IPSC mAbs: Mouse destruction of unwanted cells; cellular panning; immunoaf- 
anti-human IPSC mAbs are prepared using the same proce- finity chromatography; elutriation; and soft agar isolation 
dure as described above for the production of rat anti-mouse techniclues (see Fresh r j 1988 y 

mAbs, except that mice are immunized with normal human v J ' ' i7tKJ ^* 

tissue and then re-challenged after cyclophosphamide treat- 25 pyampt v m 

ment with cells from various stages of human IPSC cultures. ^AAMfLt iu 

c) Use of anti-IPSC mAbs in the Identification of Various ^ ^ of Fact0fS Which Trf Pancreatic Stem 
Differentiation Stages of Islet Cell Growth: The mAbs raised J» niff^.^t;^ * n A v*f^ u^i * J 7 
against IPSC cultured cells are used to sort by FACS or any ™ DifferentiaUon and Factors ^duced at 
other means known in the art, such as in magnetically Dlfferent Sta S es of Slcm CeU Differentiation 
stabilized fluidized beds (see below), the various cell popu- 30 cdis isolated according to the methods of Example 9 or 
lations defined by these reagents. Sorted cell populations are ^ met hods are cultured according to the method of 
examined for their stages of differentiation (e.g., E le x QT ^ me{hod FactQrs si ificant ^ 
co-expression of insulin glucagon somatostatin, differentiation ^ assayed by adding different 
P-galactosidase tyrosine hydroxylase the Reg-gene to factors * 0 tfae fa medium J J? ^ diff 

Ste JScSlS & MP " ^ Y 10 -^ff^t on the cells. Thug, conditioned culture 

Reagents which define cell surface and differentiation ^nTiJ* Tf' ^ w hich 

marks of cells involved in the neogenesis of islets are useful cause pancreabc stem ceU differentiation are isolated using 

for the scientific community in this area of research. In of differentiation as a purification assay. Other 

addition, such reagents greatly facilitate the isolation (or 40 factors such as g* ucose » other chemicals, hormones and 

enrichment) of IPSCs per se. Isolation of IPSCs permits serum fr ? c ^ ons « similarly tested to isolate the significant 

testing of the efficacy of re-implanting IPSCs instead of differentiation inducing factors. 

whole islets into IDD patients, or even implantation directly Factors produced at different stages of differentiation are 

into the pancreas, circumventing the need for extra- isolated and analyzed from the conditioned culture medium 

pancreatic implants, 45 of cells at each stage of the differentiation process. These 

In addition, these antibodies are used to isolate cells from factors are likewise tested for their autocrine effect on stem 

any given stage of differentiation based on affinity for cells and further differentiation of partially differentiated 

markers expressed on the cell surface of the pancreatic cell. stem cells. 
Identification of specific markers which are expressed on the 

surface of the differentiated pancreatic cells allows produc- 5Q EXAMPLE 11 
tion of knock-out lines of pancreatic cells. Cells which do 

not produce the undesirable gene product are selected by Genetic Modification of Pancreatic Stem Cells to 

using the antibodies to select for clones of cells in which that Produce Autoantibody, CTL Resistant, and HLA 

product is absent. In an analogous fashion, markers signifi- Modified Differentiated Pancreatic Cells 
cant tD T-cell recognition and destruction of differentiated 

pancreatic cells are identified by activating naive T-ceils 55 Pancreatic stem cells cultured according to Example 1 or 

with whole pancreatic cells or subcellular fractions thereof, 2 or isolated according to Example 8 are subjected to genetic 

across the differentiation process. Identification of markers modification according to any method known in the art to 

significant to T-cell activation allows subsequent modifica- produce autoantibody and CTL resistant stem and differen- 

tion of the stem cells to eliminate these markers and thereby tiated pancreatic cells, according to methods such as those 

produce cells which, in the differentiated state, are resistant 60 disclosed in U.S. Pat. Nos. 5,286,632, supra; 5,320,962, 

to autoimmune destruction. supra; 5342,761, supra; and in WO 90/11354, supra; WO 

EXAMPLE 9 92/03917, supra; WO 93/04169, supra; and WO 95/17911, 

supra. Alternatively, selection of resistant stem cells is 

Isolation of Pancreatic Cells at Different Stages of accomplished by culturing these cells in the presence of 

DifferentiaUon 65 autoantibody or IDD associated CTLs or CTLs activated 

Using the markers and ligand-binding molecules identi- with IDD specific autoantigens. As a result of these 

fied according to Example 8, pancreatic stem cells or par- techniques, cells having increased resistance to destruction 
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by antibody or T-lymphocyte dependent mechanisms are 
generated. Such cells are implanted into an appropriate host 
in an appropriate tissue as disclosed above in Examples 3 
and 4 to provide a pancreas-like structure which has 
increased resistance to destruction by autoimmune pro- 
cesses. 

Likewise, the human leukocyte antigen profile of the 
pancreatic stem cell and differentiated cell is modified, 
optionally by an iterative process, in which the stem cell is 
exposed to normal, allogeneic lymphocytes, and surviving 
cells selected. Alternatively, a site directed mutagenesis io 
approach is used to eliminate the HLA markers from the 
surface of the stem or differentiated cells, and new stem cells 
thereby generated or isolated from pancreas-like structures 
are used to implant into a recipient mammal in need of such 
implantation. 15 

In a specific example, the adeno-associated virus (AAV) 
vector system carrying the neomycin-resistance gene, neo is 
used. AAV can be used to transfect eukaryotic cells (Laface, 
1988). In addition, the pBABE-bleo shuttle vector system 
carrying the phleomycin-resistance gene is used 
(Morgenstein, 1990). Ihis shuttle vector can be used to 20 
transform human cells with bacteria-derived genes. 

a) Transfection of IPSCs: Cultured IPSCs are transfected 
with either the retroviral segment of the pBABE-2-bleo 
vector by electroporation or the AAV-neo vector by direct 
infection. Adherent cells from established IPSC cultures are ^ 
removed gently from the tissue culture flasks using C-PEG 
buffer (phosphate buffered saline supplemented with EDTA 
and high glucose). These cells are suspended in DMEM and 
10% fetal rat serum containing the retroviral stock, and in 
the case of pBABE-bleo, subjected to electroporation. 
(Since electroporation can be a fairly harsh procedure com- 30 
pared to direct viral infection, the cells subject to electropo- 
ration are examined for viability. Viability of the IPSC 
culture cells is determined by their ability to exclude vital 
dye and analysis of injury-associated cell products such as 
glycosaminoglycans and hydroperoxides.) secondary cul- 35 
tures of the transfected cells are established. Re-cultured 
cells are selected for resistance to phleomycin or neomycin, 
respectively. 

b) Identification of Pro-viral DNA in Transformed Cells: 
Neomycin or phleomycin resistant cultured cells are tested 40 
for the presence of the appropriate transfecting viral DNA. 
Cells are removed from the culture flasks using C-PEG 
buffer and digested in lysis buffer containing proteinase K. 
DNA is phenol/chloroform extracted, then precipitated in 
ethanol/sodium acetate. Proviral DNA is identified using 45 
nested PCR. For the first reaction, PCR primers are used 
which amplify the entire open reading frame of the appro- 
priate resistance gene. For the second PCR reaction, the 
PCR product is used as template. Selected internal 5' and 3' 
primers are used which amplify an internal sequence of 
known base pair size. The final PCR product is detected by 50 
ethidium bromide staining of agarose gels following elec- 
trophoresis and/or probing of Southern blots. 

c) Stability of Transformation: The long-term stability of 
the transformations is determined by maintaining long-term 
growing cultures of the transfected cells and periodically 55 
testing them for the presence of pro-viral DNA, as described 
above. 

These studies provide information on the efficacy and 
reproducibility of transfection procedures using IPSCs as 
target cells. Furthermore, they establish a sound foundation 60 
for use of transformed IPSCs in treating IDD patients. 

EXAMPLE 12 

Encapsulation of in vitro generated islets and 

Implantation Into a Mammal 65 

Methods for encapsulation of cells are well known in the 
art (see, for example, Altman, et al., 1984, Trans. Am. Soc. 



Art. Organs 30:382r-386, herein incorporated by reference, 
in which human insulinomas were enclosed in selectively 
permeable macrocapsules). Accordingly, isolated in vitro 
generated isl(ts, optionally genetically modified according to 
Example 11, or pancreas-like structures produced according 
to examples 3 and 4, are encapsulated in an insulin, glucagon 
and somatostatin permeable encapsulant. Preferably such 
ericapsulant is hypoallergenic, is easily and stably situated in 
a target tissue, and provides added protection to the 
implanted structure such that differentiation into a functional 
entity is assured without destruction of the differentiated 
cells. 

It should be understood that the examples and emboli- 
ments described herein are for illustrative purposes only and 
that various modifications or changes in light thereof will be 
suggested to persons skilled in the art and are to be included 
within the spirit and preview of this application and the 
scope of the appended claims. 
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We claim: 

1. A method for the in vitro growth of islet producing stem 
cells, IPSCs, to produce islet cells or an islet-like structure 
which comprises culturing pancreatic cells from a mamma- 
lian species in a basal nutrient medium supplemented with 
normal serum at below about 0.5% and glucose at .below 
about 1 mM, allowing said IPSCs to grow for at least about 
3 weeks, and initiating cellular differentiation into mature 
islet cells by re-feeding the IPSCs in culture with a nutrient 
medium supplemented with normal serum at about 0.5-10% 
and glucose, at about 2.5 mM-10 mM. 

2. The method, according to claim 1, wherein the pan- 
creatic cells are human islet cells and the serum is normal 
human serum. 

3. The method, according to claim 1, wherein the pan- 
creatic cells are mouse islet cells and the serum is normal 
mouse serum. 

4. A method, according to claim 1, wherein said nutrient 
medium comprises a high amino acid nutrient medium. 

5. The method, according to claim 1, wherein the culture 
medium used to re-feed said cell culture further comprises 
glucose. 

6. The method of claim 5 wherein differentiation is 
enhanced by inclusion of about 10-25 mM glucose, hepa- 
tocyte growth/scatter factor, keratinocyte growth factor, 
fibroblast growth factor, epidermal growth factor, insulin- 
like growth factor, nicotinamide, or autocrine growth factors 
produced by IPSCs. 

7. The method of claim 6 in which the glucose concen- 
tration in the re-fed medium is about 16.7 mM. 

8. The method, according to claim 1, wherein differen- 
tiation of cultured stem cells is initiated at about 4 to 5 weeks 
of culture growth by re-feeding of said pancreatic cell 
culture with the nutrient medium supplemented with 
homologous normal serum. 
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9. The method, according to claim 1, wherein after cell 
differentiation is initiated by re-feeding the culture, the 
culture is re-fed at about one-week intervals. 

10. The method, according to claim 1, wherein the normal 
serum is obtained from the same mammalian species from 5 
which the islet cells were obtained. 

11. The method, according to claim 1, wherein ar islet-like 
tissue structure is produced after differentiation of said 
IPSCs. 

12. A method for producing an endocrine hormone which 10 
comprises culturing pancreatic cells according to claim 1, 
and recovering said endocrine hormone from said pancreatic 
cell culture. 

13. The method, according to claim 12, wherein said 
hormone is a human hormone. 15 

14. The method, according to claim 12, wherein said 
hormone is a mouse hormone, 

15. The method, according to claim 12, wherein differ- 
entiation is initiated at about 4 to 5 weeks of culture growth 
by re-feeding of said IPSC cell culture with said nutrient 20 
medium supplemented with normal serum, 

16. The method, according to claim 12, wherein said 
endocrine hormone is selected from the group consisting of 
insulin, glucagon and somatostatin. 

17. The method, according to claim 1, wherein the islet- 25 
like structure comprises cells selected from the group con- 
sisting of a cells, p cells and 5 cells. 

18. A method for in vitro neogenesis of islet-like struc- 
tures from pluripotent stem or progenitor cells which com- 
prises: 30 

a. establishing a stromal, or "nurse", cell monolayer of 
ductal pancreatic epithelial cells which permits the 
generation of IPSCs; 
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b. inducing stem/progenitor cell proliferation with culture 
conditions which promote cyclical regeneration of 
IPSCs and also prevent premature differentiation of the 
IPSC; and 

c. expanding and differentiating the IPSCs to produce an 
islet-like structure comprising a, p, and 6 cells. 

19. The method of in vitro neogenesis of islets according 
claim 18 which comprises: 

a dispersing and leaving undisturbed pancreatic cells in a 
minimal culture medium comprising little or no 
glucose, serum at a concentration below about 0.5%, 
essential amino acids for the cells of the species from 
which the pancreatic cells were obtained, and a rudi- 
mentary lipid source, until about 99% of the cells in 
said culture have died (phase I); 

b. re-feeding the culture of step (a) with said minimal 
medium supplemented with about 1-10 mM glucose 
and about 05%-10% serum (but less than a toxic 
amount of said serum) and re-feeding about once a 
week until rapid proliferation occurs; 

c. re -feeding the culture of step (b) with said minimal 
medium supplemented with said 0.5%-l 0% serum and 
about 10-25 mM glucose and, optimally, added growth 
or cellular factors (phase III); 

d. allowing islet -like structures to bud into the medium; 
and 

e. recovering said islet-like structures. 
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